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PREFACE 



TO 

THE SECOND EDITION. 



The first edition of this work was published early in 
the year 1862, and has been for some time out of print. 
During the two or three years after its appearance 
I received, through the kindness of various corre- 
spondents in dilierent parts of the world, a large 
number of letters, especially from Fritz Muller in South 
Ih'azil, communicating to me many new and curious 
facts, and calling my attention to some errors. Various 
memoirs on the fertilisation of orchids have also since 
been published, and I have myself examined several 
new and striking forms. A large amount of matter 
has thus been accumulated ; but the present volume 
would be rendered much too long if the whole were 
introduced. I have, therefore, selected only the more 
interesting facts, aud have given a brief abstract of 
the several published papers. The work has thus been 
remodelled ; and the additions and corrections are so 
numerous that I have found it impossible to follow my 
usual plan of giving u list of them. I have, however, 



vi rilEFACE TO THE SECOND EDITION, 

appended, in chronological order^ the titles of all the 
papers and books on the fertilisation of the Orcliidefe 
which have been published since the appearance of 
the first edition of the present book* 1 inally, I will 
remark that any reader who wishes merely to see how 
wonderfully complex and perfect are the adaptations 
for the fertilisation of these plants had better read 
Chapter VIL on the Catasetidae. The account of 
their structure and of the action of the several parts 
wil), I think, be intelligible, if he will first glance 
at the explanation of the terms given at the close 
of the Introduction. 
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ON THE 



FERTILISATION OF ORCHIDS 



INTEODUCTION. 

The object of the following work is to show thiit the 
contriTances by which Orchids are fertilised, are as 
varied and almost as perfect as any of the most beanti-. 
fill adaptations in the animal kingdom ; and, secondly 
to show that these contrivances have for their main 
object the fertilisation of the flowers with pollen 
brought by insects from a distinct plant. In mv 
volume ‘ On the Origin of Species ’ I gave only general 
reasons for the belief that it is an almost universal law 
of nature that the higher organic beings require an 
occasional cross with another individual ; or, which is 
the same thing, that no hermaphrodite fertilises itself 
for a perpetuity of generations. Having been blamed 
for propounding this doctrine without giving ample 
facts, for which I had not sufficient space in that w'ork, 
I wish here to show that I have not spoken without 
having gone into details. 

I have been led to publish this little treatise sepa- 
rately, as it is too large to be incorporated with any 
other subject. As Orchids are universally acknow- 
ledged to rank amongst the most singular and most 
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modified forma in the vegetable ‘ kingdom, T have 
thought that the facts to be given might lead some 
observers to look more curiously into the habits of onr 
several native species. An examination of their many 
Ijeautiful contrivances will exalt the whole vegetable 
kingdom in most persons estimation. I fear, however, 
that the necessary details are too minute and eomjdex 
for any one who hiis not a strung taste for Natural 
History, This treatise affords me also an opportunity 
of attempting to show that the study of organic beings 
may be tia interesting to an observer who is fully con- 
vinced that the structure of each is due to secondary 
laws, as to one who views every trifling detail of 
structure as the result of the direct interposition of the 
Creator. 

I must premise that Christian Konrad Sprengel, in 
his curious and valuable work, ‘ Das entdeckte Geheim- 
niss der Xatiir/ published in 1793, gave an excellent 
outline of the action of tlie several parts in the genus 
Orchis ; for he well knew the position of the stigma, 
and he discovered that insects were necessary to remove 
the jxjllen-massos.* But he overlooked many curious 
cuntrivaiices, a consequence, apparently, of his belief 
that the stigma generally receives pollen from the 
same flower, feprengel, likewise, has partially described 
tlie structure ot Epipaetis ; but in the case of Listera 
he entindy misunderstood the remarkable riliPimniPrm 



J til Uko ' 1 Iiuosopnical Trans- 




• Ipitio hfta frmail (‘ Ult. 0;i* 
MJmzioni tmlla Part 

il. IS75» p. 150) a mewtiiF liy Wnet- 
fiiir, publiabcd ia igoi in Roe- 
* Ajchjv fiir diei B+jtauik,'' t« 
11. p. 11, which appari'atly Ima re* 
rnanioU unknown to everyone else. 



Iri this memoir WaeidnT, who 
docti not seem to have ae- 

Oytkintetl witJi BprensepH work^ 
»how 

for the fertilise tion of various 
orchids, ftnd deticril>es well the 
Vfoiiderful etructure of Noottio. 
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Rctions’ for 1854. Dr. Hooker has given a full and 
accurate account, with drawings, of the structuio of 
the parts ; but from not having attended to the agency 
ot insects, he did not fully understand the object 
gained. Robert Brown,* in his celebrated paper in the 
‘ Linnean Transactions,’ expresses his belief that insects 
are necessary for the frnctiiieation of most Orchids ; 
hut adds, that the fact of all the capsules on a dense 
spike not infrequently producing seed, seems hardly 
reconcilable with this belief ; w’e shall hereafter find 
that this doubt is groundless, llany other authors 
have given facts and expressed their belief, more or 
less fully, on the necessity of insect-agency in the 



In the course of the following work I shall have the 



tji am me fresh specimens, without w^hich aid this work would 



have been impossible. The trouble which several of 
. ts have taken has been extraordinary: 

I have never once expressed a wish for aid or for in- 
formation wliicli has not been granted me, as far as 



In case any one should look at this treatise who has 
never attended to Botany, it may be convenient to 
explain the meaning of the common terms used. In 
most flowers the stamens, or male organs, surround in 
a ring the one or more female organs, called the pistils. 
In all common Orchids there is only one well-developed 




pleasure of expressing my deep obligation to several 
gentlemen for their unremitting kindness in sending 



possible, in the most liberal spirit. 



RXPLANATION OP TEEMS. 




stamen, which is confluent with the pistils, and they 



* ‘Linnean Trananctions,' 1833, vol, svi. p. 704. 
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form too'ether the eolumn. Ordinary stamens consist 
of a filament, or supporting thread (rarely soeu in 
British Orchids), which carries the anther ; and within 
the anther lies the pollen or male vivifying element. 
The anther is divided into two cells, which are very 
distinct in most Orchids, so mudi so as to appear in 
some species like two separate anthers. The pollen in 
all common plants consists of fine granular powder : 
but in most Orchids the grains cohere in masses, which 
are often supported by a very curious appendage, ealle<l 
the caudide. This part and all the other organs will 
hereafter be more fully described and figured under the 
head of the first species, Orchis niascula. The pollen- 
masses, with their caudicles and other appendages, are 
called the polUnia. 

Orchids properly have tliree pistils or female organs, 
united together, the upper and anterior surfaces of two 
of which form the two stigmas. But the two are often 
completely confluent, so as to appear as one. The 
stigma is penetrated in the act of fertilisation by long 
tubes, emitted by the pollen-grains, which carry the 
contents of the grains down to the ovules or young 
seeds in the ovatium. 

The upper stigma is modified into an extraordinary 
organ, called the TosteUwnif which in many Orchids 
presents no resemblance to a true stigma. When 
mature it either includes or is altogether formed of 
viscid matter. In many species the pollen-masses are 
firmly attached to a portion of the exterior membrane, 
\^hich, when insects visit the flowers, is removed, 
together with the polleu-masses. This removable 
portion consists in most British Orchids merely of a 
small piece of membrane, w ith a layer or ball of viscid 
matter underneath, and I shall call it the “ viscid disc;" 

u in many exotic species the portion removed is so 
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large and so important, that one part must be called, 
as before, the viscid disc, and the other part the ptxliebl 
of the rostellum, to the end of which the pollen-masses 
arc Attached. Authors have called that portion of the 
rostellum which is removed, the “ gland ” or “ letina- 
culnm,'’ from its apparent function of retaining the 
pollen-masses in their places. The pedicel, or j^ro- 
longatiou of the rostellum, to which in many exotic 
species the pollen-masses are attached, seems generally 
to have been confounded, under the name of caudicle, 
witli the true caudicle of the pollen-masses, though 
their nature and origin are totally different. The part 
of the rostellum which is left after the removal of 
the discs and viscid matter, is sometimes called the 
“ bursicuht,” or “ fovea,” or “ pouch.” But it will be 
found convenient to avoid all these terms, and to call 
the whole modified stigma the rostellum — sometimes 
adding an adjective to define its shape ; that portion 
of the rostellum which is removed with the pollen- 
masses being called the viscid disc, together in some 
cases with the fediccl. 

Lastly, the three outer divisions of the flower are 
called sefah, and form the calyx ; but, instead of being 
green, as in most common flowers, they are generally 
coloured, like the three inner divisions or fdaU of the 
flower. In almost all the species, one of the petals, 
which is properly the upper one, is larger than the 
others and stands on the lower side of the flower, where 
it offers a landing-place for insects, having been carried 
round by the twisting of the ovarium. It is called 
the lower lip or lahdlum., and often assumes most 
singular shapes. It secretes nectar for the sake of 
attracting insects, and is often produced into a spnr- 
like nectary. 




Darwin Online: courtesy Oklahoma University Libraries 



oriIKE^=E- 



CiMr, L 



CHAPTER I. 

OPHRE^. 

of the flower of Orchis mftscula — Power of movement of the 
pollinia— Perfect adiiptatien of the parts in Orchis pyrsvmiiJalis — 
Otlnjr species of Orchis and of some doscly allied genera— On the 
iusecta which visit the several species, and on the frequency of their 
visile — On tho fertility and sterility of various Orchids — Ou the 
secretion of nectaj-, and on insects heing purposely delayed in 
obtaining it, 

Throughout tlie following volume I liavc followed, as 
far as I coDveniently coiiM, the arrangement of the 
Orchide® given by Liudley. The British species 
belong to five of his tribes, the Oplireee, Keotte®, 
Arethuse®, iLalaxeee and CypripedefCj but the two 
latter tribes contain each only a single geiuis. Various 
llritish and foreiga species belonging to the several 
tribes are described in the first eight chapters. The 
eighth also contains a discussion on the homologies of 
the floivers of the Orehideffi. The ninth chapter is 
devoted to uiiseellaneons and general considerations, 
Ihe Ophreas ineliide most of our common British 
species, and we will begin with the genus Orchis. The 
reader may find the following details rather difficult 
to understand ; but I can assure him, if he will have 
jiatience to make out the first ease, the succeeding ones 
\u 1 be easily intelligible. The accompanying diagrams 
(hg. 1, p. 8) show the relative position of the more 
important organs in the flower of the Earlv Orchis 
(0. t\wcda). The sepals and the petals have'been re- 
moved, excepting the kbellum with its nectary. The 
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nectary is shown only in the side view («, fig. A) ; 
for its enlarged orifice is almost hidden in shade in the 
front view (B). The stigma (s) is bilobed, and con- 
sists of two almost confluent stigmas ; it lies under the 
pouch-formed rostellum (r). The anther (a, in B and 
A) consists of two rather widely separated cells, wliich ' 
are longitudinally open in front : each cell includes a 
pollen-mass or pollinium. 

A pollinium removed out of one of the two anther- 
cells is represented by fig. C ; it consists of a number 
of wedge-formed packets of pollen-grains {see fig. F, 
in which the packets are forcibly separated), united 
together by excessively elastic, thin threads. These 
threads become confluent at the lower end of each 
pollen-mass, and compose the straight elastic caudicle 
(e, C). The end of the caudicle is firmly attached t< > 
the viscid disc (d, C), which consists (as may be seen 
in the section of the pouch -formed rostellum, fig. E) 
of a minute oval piece of membrane, with a hall of 
viscid matter on its under side. Each pollinium has 
its separate disc; and the two balls of viscid matter 
lie enclosed together (fig, D) within the rostellum. 

The rostellum is a nearly spherical, somewhat 
pointed projection (r, figs. A and B) overhanging the 
two almost confluent stigmas, and must be fully de- 
scribed, as every detail of its structure is full of signi- 
ficance. A section through one of the discs and btills 
of viscid matter is given (fig. E ) ; and a front view of 
both viscid dies within the rostellum (fig. D) is like- 
wise given. This latter figure (D) probably best 
serves to explain the structure of the rostellum ; hut 
it must be understood that the front lip is here cou- 
siderabl y depressed. The lowest part of the anther is 
united to the back of the rostellum, as may be seen 
in fig. B. At an early period of growth the rostellum 
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Descriptiox op Fig. 1 



a. anther, consisting of two colls* 
7\ rostellum* 

8. stigma. 

1. labeHum. 



n. ijectmy. 

2 >* pollou-mass, 

c. caudicle of polljninm. 

d. viscid disc of pollinium. 



A. Side view of flower, with all the petals and sepals cut off except the 

labellum, of which the near half is cut away, as well as the upper 
portion of the near side of the nectary. 

B. Front view of flower, with all sepals and petals removed, escept the 

label! urn. 

C. One polliniura, showing the packets of pollen-grains, the caudicle, ix^d 

viscid disc. 

D. Front view of the caudicles of both pollinia with the discs lying within 

the Tostellum, its lip being depressed. 

E. Section through one side of the rostellum, with the included disc and 

caudicle of one poilinium, lip not depressed. 

F. Packets of pollen-graius, tied together by elastic threads, here e-\tended, 

(Copied from Bauer.) 
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consists of a mass of polygonal colls, full of brownish 
matter, which cells soon resolve tliomselves into two 
balls of extremely viscid semi-fluid matter, void of 
structure. These viscid masses are slightly elongated, 
almost flat on the top, 'and convex below. They lie 
quite free within the rostelliim (being surrounded by 
fluid), except at the back, where’ each viscid bail 
adheres to a small portion or disc of the exterior 
membrane' of the rostellum. The ends of the two 



caudicles are strongly attached externally to these 
two little discs of membrane. 

The Tnembrane forming the mIioIo exterior surface 
of the rostellum is at first continuous ; but as soon as 



the flower opens the slightest touch causes it to rupture 
trausversely in a sinuous line, in front of the anther- 
cells and of the little crest or fold of membrane (see 
fig, I>) between them. This act of rupturing makes 
no difference in the shape of the rostellum, but con- 
verts the front part into a lip, w'hich can bo depressed 
easily. This bp is represented considerably depressed 
in fig, ]), and its edge is seen, fig* B, in the front A’ie^v, 
^\hen the lip is thoroughly depressed, the two halls 
ot viscid matter are exposed. Owing to the elasticity 
of the hinder part, the lip or pouch, after being 

pressed down, springs up again and encloses the two 
viscid balls, 

1 will not affirm that the rupturing of the exterior 
membrane of the rostellum never takes place sponta- 
neous y , and no doubt the membrane is prepared for 
lupturc by ha\ing become very weak along defined 
ines , ut se\ eral times 1 saw^ the act ensue from an 
^ s ight touch— so slight tliat 1 conclude 

f / simply mechanical, but, for the 

JJ-ant of a better term, may be called vital. We shall 

herealter meet with other eases, in which the sli.ditest 
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touch or the vapour of chloroform causes the exterior 
membraue of live rostellum to rupture along certain 
defined lines. 

At the same time that the rostellum becomes trans- 
versely ruptured in front, it probably (for it was 
impossible to ascertain this fact from the position of 
the parts) ruptures behind in two oval lines, thus 
separating and freeing from the rest of the exterior 
surface of the rostellum the two little discs of mem- 
brane, to which the two caudicles are attached exter- 
nally, and to which the two balls of viscid matter 
adhere internally. The line of rupture is thus very 
complex, but strictly defined. 

As the two anther-cells are ojfen longitudinally 
in front from top to bottom, even before the flower 
expands, it follows that as soon as the rostellum is 
properly ruptured from the efifects of a slight touch, 
its lip can be depressed easily, and, the two little discs 
of membrane being already separate, the two pollinia 
now lie absolutely free, but are still embedded in their 
proper places. So that the packets of pollen and the 
caudicles still lie within the anther-ecdls ; the discs 
still form part of the rostellum, but are separate ; and 
the balls of viscid matter still lie concealed witbtn 
tlie rostellum. 

Now let us see in the case of Orehis mascula (fig. 1) 
how this complex mechanism acts. Suppose an insect 
to aliglit on the labelliim, which forms a good landing- 
lilace, and to push its head into the chamber (see side 
view. A, or front view, B), at the back of which lies the 
stigma (s), in order to reach with its proboscis tlie end 
of the nectary ; or, which does equally well to show 
the action, push very gently a sharply-pointed common 
pencil into the nectary. Owing to the pouch-formed 
rostellum projecting into the gangway of the nectary, 
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it is scarcely possible that any object can be pushed 
into it without the rostellum being touched. The ex- 
terior membrane of the rostellum then ruptures in the 
proper lines, and the lip or pouch is easily depressed. 
When this is effected, one or both of the viscid balls 
will almost infallibly touch the intruding body. 8o 
viscid are these balls that whatever they touch they 
firmly stick to. 3Ioreover the viscid matter has 
the peculiar chemical quality of setting, like a 
cement, hard and drv in a few minutes’ time. As the 
anther-cells are open in front, when the insect witli- 
draws its head, or when the pencil is withdra\^7i, one 
pollinium, or Iwth, will be withdrawn, firmly cemented 
to the object, projecting up like horns, as sho^™ (fig. 2) 





A. pollen-muss of 0* mascidu^ when 
firut attached. 



B. PolUn^mass of 0. after 

tlie act of depres'^ion. 



by the upper figure, A. The firmness of tlie attach- 
ment of the cement is very necessary, for if tho 
polhnia were to fall sideways or backwards they could 
never fertilise the flower. From the position in 
which the two pollinia lie in their cells, they diverge a 
little when attached to any object. Now suppose that 
le flies to another flower, or let us insert the 

penci , g, 2), with the attached pollinium, into 
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tlie Slime or into another nectary ; by looliing at the 
diagram (hg. 1, A) it will be evident that the firmly 
attached polliuium will be siinjily pushed against or 
into its old position, namely, into the anther-cell. 
How then can the flower bo fertilised? This is 
efiected by a beautiful contrivance : though the viscid 
surface remains immovably affixed, the apparently 
insignificant and minute disc of membrane to which the 
caudicle adheres is endowed with a remarkable power 
of contraction (as will hereafter be more minutely 
described), which causes the pollinium to sweep 
through an angle of about ninety degrees, always in 
one direction, viz., towards the apex of the proboscis or 
pencil, in the course of thirty seconds on an average. 
The position of the pollinium after the movement is 
shown at B in fig. 2. After this movement, completed 
in an interval of time which would allow an insect to 
fly to another plant,* it will be seen, by turning to the 
diagram (fig. 1, A), that, if the pencil be inserted into 
the nectary, the thick end of the pollinium now 
exactly strikes the stigmatic surface. 

Here again comes into play another pretty adapta- 
tion, long ago noticed by. Eobert Brown.f The 
stigma is very viscid, but not so viscid as when 
touched by a pollinium to pull tlie whole off an insect’s 
head or off a pencil, yet sufficiently viscid to break 
the clastic threads (fig. 1, F) by which the packets 
of ijolleji-grains are tied together, and leave some of 
them on the stigma. Hence a pollinium attached to 
an insect or to a pencil can be applied to many 
stigmas, and will fertilise all. I have often seen the 



* Dr, H, Miiller Die Befruch- flowera of Orchis fnasctilaj aod 
der BlumoD durch Insekten/ finds that tliia Btatemeot is correct, 
1873^ p, 84) has timed humble- f * Trauaactioiis of the Litmean 
bees at work on the spikes of Society/ voL xvi. p- 73L 
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pollinili of Orchis fijramidalis adhering to the pro- 
boscis of a moth, with the stump-like caiidicles alone 
left, all the packets of pollen having been left glued 
to the stigmas of the successively visited flowers. 

Oue or two other little points must bo noticed, 
The balls of viscid iniitter within the pouch-formed 
rostellum are surrounded with fluid; and this Ls 
very important, for, as already mentioned, the viscid 
matter sets hard whoa exposed to the air for a very 
short time. I have pulled the balls out of their 
pouches, and found that they had entirely lost the 
power of adhesion after a few minutes. Again, the 
little discs of membrane, the movement of which, as 



causing the movement of the pollinia, is so abso- 
lutely indispensable for the fertilisation of the flower, 
lie at the upper and back surface of tlie rostellum, 
and are closely enfolded and thus kept damp within 
tire bases of the aiither-cells ; and this is very neces- 
sary, as an exposure of about thirty seconds causes 
the movement of depression to take pdace ; but as 
long as the disc is kept damp, the pollinia remain 
ready for action whenever removed by an insect. 
Lastly, as I have shown, the pouch, after being 
depressed, springs up to its former position ; and this 
IS likewise of groat service ; for if this action did not 
take place, and an insect after depressing the lip 
faded to remove the two viscid balls, or if it removed 
one alone, then in the first ease both, and in the 
secon case one would be left exposed to the air ; 
consequently one or both would quickly lose all 
■M esiveuess, and the pollinium would be rendered ab- 
so utely useless. That with uiaiiy kinds of On-hids 
insects often remove only one of the two pollinia at 

ffener*dlv^ certain, it ig even probable that they 
generally remove only one, for the lower and older 
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flowers almost always have both pollinia removed, 
whilst the younger flowers close beneath the buds, 
which will have been seldom er visited, liavc frequently 
only one polliuium removed. In a spike of Orchis 
maculataf 1 found as many as ten flowers, chiefly the 
upper ones, which ha<l only one pollinium removed ; 
the other pollinium being still in its proper place with 
the lip of the rostellum well closed up ; so that all the 
mechanism was perfect for its subsequent removal by 
some other insect. 

When the first edition of this book was published, 
I had not seen any insects visiting the flowers of 
the present species ; but a friend watched some plants, 
and saw them visited by several hmnble-bees, appa- 
rently Bomhus Muscorum ; and Dr. H. Muller * has seen 
four other species of Bomhus at work. He caught 
ninety-seven specimens, and of these tliirtj'-two had 
pollinia attached to their heads. 



« 




The description now given of the action of the 
organs in Orchis Diascula applies to 0. morio, /«sc«, 
maculafa, and lattfolia, Tliese species present slight 
and apparently co-ordinated differences in the length 
of their caudicles, in the direction of the nectary, 
ill the shape and position of the stigma, but they 
are not worth detailing. In all, the pollinia when 
removed from the anther-cells mnlergo the curious 
movement of depression, whicli is so necessary to 
place them in a right position on an insect’s head 
for striking the stigmatic surface of another flower. 
Six species of humble-bees, the hive- bee and twu 
other kinds have been seen by H. Miiller and myself 
visitinc the flowers of Orchis morio. On some of the 

O 
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hive-bees from ten to sixteen pollen-irrasses adhered ; 
to the head of Etwe^^a lonfficorfiis eleven, to the head of 
Osmia rnfa several, and several to the bare surface close 
above the mandibles of Bomhi$ Tiiuscormn. H, Jliiller 
has seen twelve different kinds of bees visitinf^ the 
flowers of 0. laiifolia^ which are also visited by 
Diptem- My son George observed for some time 
plants of 0* ^mculatd^ and saw many specimens of a 
fly {Emjpis livadi) inserting their proboscides into the 
nectary ; and subsequently the same fact w'as ob- 
served by me. He brought home six specimens of this 
Empis^ with polliiiia attached to their spherical eyes, 
on a level with the bases of the antennae. The poliinia 
had undergone the movement of depression, and stood 
a little above and parallel to the proboscis ; hence 
they were in a position excellently adapted to strike 
the stigma. Six pollinia were thus attached to one 
specimen, and three to another. My son also saw 
another and smaller species {Empis pennipes) inserting 
its proboscis into the nectary; but this species did 
not act so well or so regularly as the other in 
fertilising the flowers. One specimen of this latter 
Empis had five pollinia, and a second had three 
pollinia, attached to the dorsal surface of its convex 
thorax, IL Miiller has seen two other genera of 
Diptera at work on this orchis, with pollinia attached 
to the front part of their bodies ; and on one occasion 
he saw a humble-bee visiting the flowers.* 



e come to Orchts (suh-genns, Anacmnpih) 
py^ami a is, one of the most highly organised species 



M. M. Giranl catjgUt a 
lon^oorn beetle, Strangalia atra, 
^ tuft of the polleu-maflaea 
01 lliii OTQhhi attached to the 



front of its mouth r * Aunaks de 
la EutoiiiolDg. tie 

tom. ix. 1869, p, X 15 I, 
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which I have exanuiied, and which is ranked hy several 
botanists as a distinct genus. The relative position of 
the |iarts (fig. 3} is here considerably different from 
what it is in 0. muscula and its allies. There are tw o 
<]uite distinct rounded stigmatic surfaces (s, s, A) 
placed on eacli side of the pouch-formed rostelluin. 
This latter organ, instead of standing some height 
above the nectary, is brought down (see side view B) 
so as to overhang and partially to close its orifice. 
The ante-chamber to the nectary, formed by the 
union of the edges of the labelhmi to the colmnii, 
which is large in 0. maseula and its allies, is here 
small. The pouch-formed rostellnm is hollowed out 
on the under side in the middle: it is filled with 
fluid. The yiscid disc is single and of the shape of a 
saddle (figs. C and B) ; it carries on its nearly fiat 
top or seat the two caiidicles of the pollinia, the ends 
of which firmly adhere to its upper surface. Before 
the membrane of the rostellnm ruptures, the saddle- 
formed disc can be clearly seen to be continuous with 
the rest of the surface. The disc is partially hidden 
and kept damp (Avhich is of great importance) by the 
oyer-folding bases of the two anther-cells. It consists 
of seyeral layers of minute cells, and is therefore rather 
thick ; it is lined beneath with a layer of highly ad- 
hesive matter, which is formed within the rosteihim. 
It corresponds strictly to the two minute, oval, sepa- 
rate discs to which the two caiidicles of 0. mascula 
and its allies are attached. 



Wlien the flower opens and the rostellnm has 
become symmetrically ruptured, either from a touch 
or spontaneously (I know not which), the slightest 
pressure depresses the lip, that is, the lower and bi- 
lobed portion of the exterior membrane of the ros- 
tellum, which projects into the mouth of tlie nectary. 
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Descriptiox of Fig, 3, 



a, anther. 
s,s* sti^a. 
r. rostellurn. 



L labellura. 

V. guiding pLate on the Jabellmn. 
n, nectary. 



A. Front view, with all the sepals and petals removed, eioept the 

label lum. 

B. Side view, with all the sepals and petals removed, with the labeljum 

longitudinally bisected, and with the near side of the upper part 
of the nectary cut away. 

C. The two poUinia attached to the saddle-shaped viscid disc* 

D. The disc after the first act of contraction, with no object seized, 

E. The disc seen from above, and flattened by force, wdth one pollininm 

removed; showing a depression in its surface, by which the second 
movement of the pollinium is effected* 

V. The pollinia removed by the insertion of a needle into the nectary, after 
the saddle has clasped the needle by the first act of contraction. 

G. The same pollinia after the second movement and their consequent 
depression. 
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When the lip is depressed, the under and viscid surface 
of the disc, still remaining in its proper place, is un- 
covered, and is almost certain to adhere to the touch- 
ing object. Even a human iiair, when pushed into 
the nectary, is stiff enougli to depress the lip or 
pouch ; and the viscid surface of tlie saddle adheres 
to it. If, however, the lip be pushed only slightly, 
it springs hack and recovers the under side of the 
saddle. 

The perfect adaptation of the parts is well shown by 
cuttina off the end of the nectarv and insertina a 

bristle at that end ; consequently io a reversed direc- 
tion to that in whieli moths insert their proboscides ; 
and it will be found that the rostellum may easily be 
torn or penetrated, but that the saddle is rarely or 
never caught. When the saddle together with the 
polliuia is removed on a bristle, the under lip iii- 
stimtly curls closely inwards, and leaves the orifice of 
the nectary more open than it w\as before ; but whether 
this is of much service to the moths which frequent 
the flowers, and consequently to the plant, I will not 
pretend to decide. 

Lastly, the labellum is furnished with tw^o pro- 
minent ridges (f, figs. A, B), sloping down to the 
middle and expanding oiitwards like the mouth of a 
decoy ; these ridges serve to guide any flexible 
body, like a flue bristle or hair, into the minute and 
rounded ^ orifice of the nectary, which, small as it 
already is, is partly choked up by the rostellum, 
ihis contrivance of the guiding ridges may be com- 
paied to the little instrument sometimes used for 
guiding a thread into the fine eye of a needle. 

Now let us see how these parts act. Let a moth 
insert Its proboscis (and we shall presently see how 
re(piently the flowers are visited by Leiiidoptera) 
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between the guiding ridgea of the labellum, or insert 
a hue bristle, and it is conducted safely to the minute 
orifice of the nectary, and can hardly fail to depress, 
the lip of the rostellum ; this being effected, the 
bristle comes into contact with the now naked and 
sticky under surface of the suspended saddle-formed 
disc. AVhen the bristle is removed, the saddle with 
the attached pollinia is removed. Almost instantly, 
as soon as the saddle is exposed to the air, a rapid 
movement takes place, and the two flaps curl inwords 
and embrace the bristle. When the pollinia are 
pulled out by their eaudicles, by a pair of pincers, 
so that the saddle has nothing to clasp, I observed 
that the flaps curled inwards so as to touch each 
other in nine seconds (see fig. D), and in nine more 
seconds the saddle was converted by the flaps curl- 
ing still more inwords into an apparently solid ball. 
The proboscides of the many moths which I have 
examined, with the pollinia of this Orchis attached 
to them, Avere so thin that the tips of the flaps just 
met on the under side. Hence a naturalist, Avho 
sent me a moth with several saddles attached to its 
proboscis, and who did not know of this movement, 
y natuially canre to the e. ctraordinary conclusion 
that the moth had cleverly bored through the exact 
centres of the so-called sticky glands of some 
Orchid. 

Of course this rapid clasping movement helps to fi.x 
the saddle upright on the proboscis, Avhich is very 

tf 

important ; but the viscid matter sotting hard rapidly 
Avoiild probably suflSce for this end, and the real object 
gained by the clasping or curling movement is the 
divergence of the pollinia. The pollinia, being at- 
tached to the flat top or seat of the saddle, project at 
first straight up and nearly parallel to each other ; 
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but as the flat top curls round the cylindrical and 
thin proboscis, or round a bristle^ tho pollinia neces- 
sarily diverge* As soon as tho saddle has clasped the 
bristle and the pollinia have diverged, a second move- 
inent commences, which action, like the last, is ex- 
clusively duo to the contraction of the saddle-shaped 
disc of membrane, as will be more fully described in 
the ninth chapter* This second movement is the 
same as that in 0. mascula and its allies, and causes 
the divergent pollinia, which at first projected at right 
angles to the needle or bristle (see fig. P), to sweep 
through an angle of nearly ninety degrees towards the 
tip of the needle (see fig* G), so as to become de- 
pressed and finally to lie in the same plane with the 
needle* In three specimens, this second movement 
was effected in from thirty to thirty -four seconds after 
the removal of the pollinia from the anther-cells, and 
therefore in about fifteen seconds after the saddle had 
clasped the bristle. 

The use of this double movement becomes evident 
if a bristle with pollinia attached to it, wliicK have 
diverged and become depressed, be pushed between 
the guiding ridges of the labellimi into the nectary 
of the same or another flower (compare ligs* A and 
G) ; for the two ends of the pollen-masses will be 
iound no^v to have acquired such a position that the 
end of the one strikes against the stigma on the one 
side, and the end of the other at the same moment 
strikes against the stigma on the opposite side. The 
secretion on the stigmas is so viscid that when the 
polhma are withdrawn, the elastic threads by which 
the packets of pollen are bound together are ruptured ; 
and some dark-green grains may be seen, even by the 
imked eye, remaining on the two white stigmatij sur- 
taces. I have shown this little experiment to several 
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pei'sons, and all have expressed the liveliest admiration 
at the perfection of the contrivance by which this 
Orchid is fertilised. 

As in no other plant, or indeed in hardly any 
animal, can adaptations of one part to another, and 
of the whole to other organisms widely remote in the 
scale of nature, be named more perfect than those 
presented by this Orchis, it may be worth while 
briefly to sum them up. As the flowers are visited 
both by day and night-flying Lepidoptera, it is not 
fanciful to believe that the bright-purple tint (whether 
or not specially developed for this purpose) attracts 
tlie day-rtiei's, and the strong foxy odour the night- 
fliers. The upper sepal and two upper petals foim a 
hood protecting the antlier and stigmatic surfaces 
i'rom the weather. The labelliim is developed into a 
long nectary in order to attract Lepidoptera, and we 
shall presently give reasons for suspecting that tlie 
nectar is purposely so lodged that it can be sucked 
only slowly (very differently from what occurs in most 
other plants), in order to give time for the viscid 
matter on the under side of the saddle to set hard 
and dry. He who will insert a fine and flexible 
bristle into the expanded mouth of the flower between 
the sloping ridges on the labelliim, will not doubt 
that they serve as guides and effectually prevent tlie 
bristle or proboscis from being inserted obliquely into 
the nectary. This latter circumstance is of manifest 
importance, for, if the proboscis were inserted ob- 
liquely, the saddle-formed disc would become attacheil 
obliquely, and after the compounded movement of the 
pollinia they would not strike the two lateral stigmatic 
surfaces. 

Then we have the rostelliim partially closing the 
month of the nectary, like a trap placed in a run for 
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game ; imd tlie trap fio complex aiul perfect, with its 
symmetrical lines of rupture formijig the saddle- 
shaped disc aboi^e, and the lip of the pouch below ; 
and, lastly, this lip so easily depressed that the jijro- 
boscis of a moth can hardly fail to uncover the viscid 
disc and adhere to it> But if this fails to occur, tlie 
elastic lip rises and covers again the viscid surface, 
so as to keep it damp. The viscid matter within the 
rostellum is attached to the saddle-shaped disc alone, 
and is surrounded by fluid, so that it does not set hard 
till the disc is withdrawn. The upper surface of tlie 



saddle, with the attacJied caudicles, is also kept 
damp by the bases of the anther-cells, until it is 
withdrawn, and then the curious clasping movxunent 
at * ' s, causing tlie iwlliniu to diverge, 

followed by the movement of depression, \^'bicll move- 
ments together are exactly fitted to cause the ends 
of the two pollen-masses to strike the two stigraatic 
surfaces. These stigmatic surfaces are not so sticky 



as to tear off the whole pollinium from the proboscis 

of the moth, but by rupturing the elastic threads to 

secure a tew packets of pollen, leaving plenty for other 
flowers.* 

Hut let it be observed that, although the moth pro- 
bably takes a considerable time to suck tke nectar of 
a flower, yet the movement of depression in the pol- 
hma does not commence (as I know by trial) until 
they are fully withdrawn ; nor will the movement be 
completed, and the pollinia properly placed for strik- 
i3ig the stigmatic surfaces, until about half a minute 
elapsed, which will give ample time for the motli to 



1 he late Prof. Treviraima 1 
Botaoische Zeitun 
tsca, P* 241) all my obtservatiei 



but points out two lui important 
ioaacimit‘ie& in the drawing wliieh 
i Jiave given. 
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fly to another plant, and thus effect a union between 
two distinct individiials, 

Orehis usiulata* resembles 0. piframidalis in some 
important respects, and differs from it in others. The 
lahelhim is deeply channelled, and the channel which 
replaces the guiding ridges of 0. pyramidalis leads to 
the small triangular orilice of the short nectary. The 
upper angle of the triangle is overhung by the ros- 
telium, the pouch of ^vhieh is rather pointed below. 
In accordance with this position of the rostellum, 
close to the mouth of the nectary, the stigma is 
double and lateral. This species shows in an interest- 
ing manner how easily two distinct stigmas, like those 
ot 0. pyi'diiiidulis, might be converted into a single 
one, by becoming at first slightly lobed like tliat of 
0. JMscu^a, and then acquiring its 2)resent structure, 
ior directly beneath the rostellum there is a narrow 
transverse rim, formed of true stigmatic tissue, wduch 
connects together the two lateral stigmas ; so that 
if this rim were widened, the two stigmas would be 
converted into a single transverse one. Conversely 
a single stigma might thus easily he converted into "a 
flouhle one. The pollinia undergo the usual move- 
ment of depression, and in acquiring this position 
the two diverge sliglitly, so as to bo ready to strike the 
tNYo lateral stigmas. 

Orchis (snb-genus Ilimantogflossujn) hircinct. — A tine 
specimen of this extremely rare British plants the 
Lizard Orchis, with its curious elongated labelhim, 
was sent me by Miv Oxendem The two pollinia 
arise from a single almost square disc ; and when 



* I am gr&itly indebted to Jlr, 
G. CL i cheater Oxeiiden of Broome 
ParJf for fresh spccimena of this 
Urohis, and for his never-tiring 



kimlness in .supplying me ivith 
living plants, and in format inn re- 
garding many of the rarer iiritlfch 
Orchids. 
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they are removed from tlieir cells, they do not di^ 
verge, but become depressed, sweeping through an 
angle ofmiuety degrees, in about thirty seconds. They 
are then in a proper position for striking the single 
large stigma which lies beneath the rostellnm. In the 
case of 0, pym^n^^^a7^s we have seen that the tleprcssion 
of the two pollinia is effected by the contraction of 
the disc in front of each, two furrows or valleys being 
there formed ; whilst w ith the present species, the 
whole front of the disc contracts or sinks down, the 
front part being thus separated from the hinder part 
by an abrupt step, 

Acevas* {Orelm) anihro][)oplwra, — The caiidieles of 
the pollinia are unusually short ; the nectary consists 
of two minute rounded depressions in the lahelhim ; 
the stigma is transversely elongated; and lastly the 
two viscid discs lie so close together within the ros- 
telliim that they affect each other’s outline. This 
latter fact is worth notice, as a step towards the two 
becoming absolutely couffuent, as in the following 
species of Aceras, in 0. fijramidalis ami hirehuu 
Nevertheless, in Aceras a single pollinium is some- 
times removed by insects, though more rarely than 
with the other species of Orchis, 

AcBvas (Orc/iis) Moggridge has 

given an interesting account, together with a iigiire, 
of this plant which grows in the South of rrance4 
ihe pollinia are attached to a sinofle viscid disc* 



men undergo me 




* Tlio HoparatioTi of thia genug 
Is evidently artificial. It is a true 
Orchig, but witli a very ehnrt 
nectary. Dr, AVeddell haa dc- 
senbed {^Annaieg dea Sc, Nat.,' 
3 ger, Bot. tom. sviii. p. G) the 



t ‘ Jounn Limn Soc* Bot.' 
voL viii. iSGo, p. 256, Ho gives 
ulso a figure of Orchis AircOia. 



occtirrenee of nnmeroiia hybrid », 
imtumlly prftduccd, between tbia 
Aceras and Orchis galmtctM 
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movement of depression. The most remarkable point 
about this species is that insects seem to suck nectar 
out of minute open cells in the honeycombed surface 
of the labellum. Tlie flowers are visited by various 
hymenopterous and dipterous insects ; and the author 
saw the pollinia attached to the forehead of a large 
bee, the Xylocopa vtcHaeea. 

Neotinea (^Orchis) iniacta. — Mr. Moggridge sent me 
from Xorth Italy living specimens of this very rare 
British plant, which, as he informed me, is remark- 
able from producing seeds without the aid of insects. 
When insects were carefully excluded by me, almost 
all the flowers produced capsules. Their fertilisation 
follows from the pollen being extremely incoherent, so 
as to fall spontaneously on the stigma. Kevertheless 
a short nectary is present, the pollinia possess small 
viscid discs, and all the parts are so arranged that, 
if insects were to visit the flowers, the pollen-masses 
would almost certainly bo removed and carried to 
another flower, but not so effectually as with most 
other orchids. 

Serapias cordigera, an inhabitant of the South of 
France, has been described by Mr. Moggridge in the 
paper just referred to. The pollinia are attached to 
■a single viscid disc ; when first withdrawn, they are 
bent backwards, but soon afterwards move forwards 
and downwards in the usual manner. As the stigmatic 
cavity is narrow, the pollinia are guided into it by two 
guiding plates. 

Nigrttella This Alpine species is said 

. by Jh’. H. jMiiller * to differ from all ordinary orchids 
in the ovarium not being twisted ; so that the labellum 
stands on the upper side of the flower, and insects 



* 



^ * Nature*/ Dec. 31, 1874^ p. 169, 
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alight on the opposite sepals and petals. As a con- 
seq uence of this, wlien a butterfly inserts its proboscis 
into the narrow entrance of the nectary, the viscid discs 
Ijecome attached to the lower surface of. the proboscis, 
and the pollinia afterwards move upwards, instead of 
as in all other orchids downwards. They are then in 
the proper position for striking the stigma of tire next 
flower which is visited. Dr, Miiller remarks that the 
llower.= are frequented by an extraordinary number of 
butterflies. 



I have now described the structure of most of the 
British and of a few foreign species in the genus 
Orchis and its close allies. All these species, with the 
exception of the Keotinea, require the aid of insects for 
their fertilisation. This is obvious from the fact that 
the pollinia are so closely embedded in the anther-cells, 
and the ball of viscid matter in the pouch-formed 
rostelliim, that they cannot he shaken out by violence. 
\\ e have also seen that the pollinia do not assume the 



proper position for striking the stigmatic surface until 
some time has elapsed ; and this indicates that they 
are adapted to fertilise, not their own flowers, but those 
on a distinct plant. To prove that insects are neces- 
sarj for the fertilisation of the flowers, I covered up 
a plant of Orchis mono under a hell-glass, before 
any of its pollinia had been removed, leaving three 
adjoining plants uncovered ; I looked at the latter 
every mommg, and daily found some of the pollinia 
removec , tiU all n ere gone w ith the exception of those 
in a single flower low down on one spike, and of those 
m one or two flowers on the summits of all the spikes, 
which were never removed. But it should he observed 

» the 

immits oi the spikes, these are no longer conspicuous, 
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and would consequently be rarely visited by insects. 
I then looked at the perfectly healthy plant under 
the bell-glass, and it had, of course, all its pollinia in 
the anther-cells. I tried an analogous experiment with 
specimens of 0. mascula with the same result. It de- 
serves notice that the spikes whicli had been covered 
u]>, when subsequently left uncovered, never had their 
pollinia carried away by insects, and did not, of course, 
set any seed, whereas the adjoining plants produced 
])lenty of seed. From this ftict it may be inferred 
that there is a proper season for each kind of Orchis, 
and that insects cease their visits after the proper 
season has passed. 

\V ith many of the hitherto mentioned species, and 
with sevenil other European kinds, the sterility of the 
flowers, when protected from the access of insects, 
depends solely on the pollen-masses not coming into 
contact with the stigma. This has been jjroyed to be 
the case by Dr. Hermann jriiller, who, as he informs 
me, applied the polleu-masses of Orchis 
(44), fuBca (6), miliiaris (14), varieffata (3), eoriopJiora 
(6), morio (4), ^mculata (18), 7nascula (6), latifoUa (8), 
mcarnata (3), Ojjhrys muscifera (8), Grt/mnadenia emioj)- 
sea (14), alhida (8), Ile^^minium 7nonorchis (6), Epipoffon 
aphylluB (2), E 2 }i 2 ^actis latifoUa (14), (4), Listera 

ovata (5), and Cypri 2 )edium caheolus (2), to their own 
stigmas, and' full-sized capsules, containing seeds in 
appearance good, were formed- The numbers placed 
after the names of the species show how many flowers 
were tried in each ease. These facts are remarkable, 
because Mr. Scott and Fritz Muller* have proved 



♦ An abstract of their observa- tioaiion/ chap. xviL 2nd edit. voL 
tions ia given in my * Variation of ii* p. 114. 

Animals and Plauta under Domed' 
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that varioiis exotic species, both in this country and 
in their native homes, invariably fail to yield seed- 
capsules, when the flowers are fertilised with their own 
polleu. 

From the observations already given, and from 
what will hereafter be shown with respect to Gyn> 
iiatlenia, Habenaria, and some other species, it is a 
safe generalisation* that species with a short and 
not very narrow nectary are fertilised by beesf ami 
flies ; whilst those wdth a much elongated nectary, 
or one having a very narrow entrance, are fertilised 
by butterflies or moths, these being provided with 
long and thin proboscides* We thus see that the 
structure of the flow-ers of Orchids and that of 
the insects which habitually visit them, are eon-e- 
lated in an interesting manner, — a fact which has 
been amply proved by l)n H* Muller to hold good 
with many of the Orchidem and other kinds of 
plants. 

With respect to Oreliu lyyramidalis^ wdiich possesses, 
as we have seen, an elongated nectary, Mr, Bond was 
so kind as to send me a large number of Lepidoptera, 
out of which I selected tw-enty-threo species, enumer- 
ated in the following list, with the pollinia of this 

Orchid, which can easily be recognised, attached to 
their proboscides. 



* Some i-emorkg to this effect 
we given in my Notes on 
the Fertilisation of Orchids,'' in 
^Anuiils and Mag, of Nat. BhV 
Sept. I 8{j9, p. 2. 

t M* Moniero (in 'Bull. Bnt 
Soc de France,' tom. i. 1S5+, p. 
diO) ftays ho aaw in Dr. Guepin’a 
collection, bees collected at Sau- 
tnur with the pollinia of Orchida 
attached to their heads; and he 
states that a person who kept bees 



near the Jardin de la Fao!ilte (at 
Tonlouge?) complained that his 
bees returned from the garden 
with their headg chniged with 
yellow bodies, of which they could 
not free theirijselvee. Thiis is good 
evidence how firmly the pollinia 
are attached, There in, however, 
j^,*^thiiig lo show whether the pol- 
linja in these (Miaes belonged to 
the genus Orchifl or to some other 
g^^IUl3 of the ftimily. 
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Polyoramatus alcxis, 

Lycseua pliliseas. 

Arge galathea. 

Hesperia Bylvaniis* 

„ linea. 

Syriclithtis alveolus, 

Anthrooera filipeiidula;. 

„ trifolii* 

Litliosia complaTia. 

Leucania lithurgyria (two Bpeci- 
mens). 

Caradi ina blanda. 

„ alsinea. 

Agrotis calaleoca. 



EulKvlia metitiuraria (two speei- 
Hadcna den tin a. 

jJeliothia marglData (two epcci- 
meus). 

Xyloplia^ia sublust ris (two epeei- 
meua). 

Euclidia glyph iea. 

Toxocampa pa^^tinum, 

Melanippe rivaria, 

Spilodes palefilia. 

cinctalis. 

Acontia luctuosa, 



A large majority of these moths and butterflies 
had two or three pairs of pollinia attached to them, 
and invariably to the proboscis. The Acontia bad 
seven pair (fig. 4), and the p;„, 4 

Caradrina no less than eleven 
pair ! The proboscis of this 
latter moth presented an ex- 
traordinary arborescent ap- 
pearance. The saddle-formed 
discs, each bearing a pair of 
pollinia, adhered to the pro- 
boscis, one before the other, 
with perfect symmetry J and Head and proboscis of Acontm Itio- 
this follows from the moth 
having always inserted its proboscis, 

proboscis into the nectary in exactly the same manner, 
owing to the presence of the guiding plates on the 
labelluin. The unfortunate Caradrina, with its pro- 
boscis thus encumbered, could hardly have reached 
the extremity of the nectary, and would soon have 



* I am indebted to Mr. Parfitt 
for au examimition of this moth, 
which is mentioned in ihe ‘En- 
tomologist’s Weekly Intellig^encer/ 
vol. ii. p, 1£'2, and vol. iii. p. 3, 
Oct, 3, 1857* The pollinia were 



erroneously thouglit to belong to 
Opltrtjfi apt/ era. Tho pollen had 
changed from its natural green 
colour yellow : on washing it, 
liowevor, and drying it, the green 
tint lotuined. 
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been starved to death. Both these moths must have 
sucked many more than tlie seven and eleven flowers, 
of which they bore the trophies, for the earlier at- 
tached pollinia had lost much of their pollen, showing 
that they had touched many viscid stigmas. 

The above list proves that many different speci's 

of Lepidoptera visit the same kind of Orchis. The 

Iladena dentina also frequents liabenaria. Probably 

all the Orchids provided with elongated nectaries 

are visited iudilferently by many kinds of moths. 

Whether any of the British Orchids are fertilised 

exclusively by special insects confined to certain 

localities is very doubtful ; but we shall hereafter see 

that Epi])actis latifdia seems to be fertilised by wasps 

alone. I have twice observed plants of Gymnadenia 

compsea, which had been transplanted into a garden 

maiy miles from its native home, with nearly all 

their pollinia removed. Mr. Marshall of Ely* has 

made the same observation on similarly transplanted 

specimens of 0 . ^imculaia. On the other hand fifteen 

plants of Ophrys mmeifera had not one pollen-mass 

there removed. Malaxis paludosa was placed in a 

bog about two miles from that in which it naturally 

grew ; and it had most of its pollinia immediatelv 
reniovefl. 



TLe list wliich follows serves to show that insects in 
most cases perform the work of fertilisation effectiuillv. 
1 ut the list by no means gives a fair idea how eflectii- 
a j It 18 done; tor I have often found nearly all the 
polhma removed, but kept an exact record'only in 

remai?' appended 

1 marks. Moreover, m most cases, the pollinia which 



r. ® Chrnnicle,’ 18G1, 

Mr, Marshall's comiuuni- 
catioa Tvas iu aiii^wer to sotne 



niarka of mine on this Bubject 
pruviongly publislied in tho Gar- 
aeners Chronide/ JatSO, p. 5ZS. 
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had not been removed were in the upper flowers 
beneath the buds, and many of these would probably 
have been subsequently carried away. I have often 
found an abundance of pollen on the stigmas of flowers 
which had not their own pollinia removed, showing 
that they had been visited by insects. In many other 
cases the pollinia had been removed, but no pollen had 
beep* as yet left on the stigmas. 



Kent 



able circumatancea 
Orchis pyramidalia. Two plants. 

Kent and DevoDshire, 

Orchis pyiamidalis. Six plants from two 
protected valleys, Devonshire , 
Orchis pyramidalia. Six plants from a 
much exposed bank. Devonshire 
Orchis macnlata. One plant, Stiifibiu- 
shirc. Of the twelve flowers which had 
not their pollinia removed^ the greater 
number were young flowers under the 
buds 

Orchis macnlata. One plant. Surrey / 
Orchis maeulata, Two plants. N, and 
S. Kent . . . , , ^ 

Orchis latifolia. Niue plants from S. 
Kent, 3ent me by the Hev, B. S, Malden. 
Tiie flowers were ail mature 
Orchis fusca. Two plants. S, Kent. 

Flowers quite mature^ and even withered 
Aceras authropophora. Four plants. S, 
Kent 



Number of flowers with 
both or one polliDiuni 
retnoved. Flowers 

lately open excluded. 
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111 the second lot of 0. morio, in the preceding list^ 
we see the injurious effects of the extraordinary cold 
and wet season of 18(i0 on the visits of insects^ aiidj 
consequently, on the fertilisation of this Orchid, very 
few seed-CApsuies having been produced, 

I liave examined spikes of 0, f\jTamidolh in whicli 
every single expanded flower had its pollinia removed. 
The forty-nine lower flowers of a spike from Folkestone 
(sent me by Sir Charles Fyell) actually produced forty- 
eight fine seed-capsules ; and of the sixty-nine lower 
flowers in three other spikes, seven alone had failed to 
produce capsules* These facts show how well moths 
and butterflies perform their ofiice of marriage-priests.* 
The third lot of 0, fyTamiilalh in the above list 
grew on a steep grassy bank, overhanging the sea near 
Torquay, and where there weye no bushes or other 
shelter for Lepidoptera ; being surprised how few pol- 
liiiia had been removed, though the spikes were old 
and very many of the lower flowers withered, I gathered, 
toi comparison, six other spikes from tw'o bushy and 
sheltered valleys, half a mile on each side of the 
exposed bank ; these spikes w^ere certainly younger,'^ 
and w'ould probably bave had several more of their 
pollinia removed ; but in their present condition we 
see how much more frequently they had been visited by 
moths, and consequently fertilised, than those growling 
on the much exposed bank. The Bee Ophrys and 
a 2^jra7nidaUs grow mingled together in many parts 
of England ; and they did so here, but the Bee Ophrys, 
instcai o being, as usual, the rarer species, was here 



In the flummer of 1875. which 
waa a very wret one, I gathered ais 
nnuaaally fine spikes of 0. pura- 
Tnidahs. TJieae bore 302 iiowers 
excluding fourteeu which were still 
tnliy expanded and capable of be- 



ing fertilised \ and on this oceasioo 
only llS) liowors produced cap- 
flulea, 183 l>aving failed to do fio* 
feix spikes of tnaculata bore ]87 
nowera, of wliich eighty -two pro- 
duced capsules, 105 having failed. 
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much more abundant than 0. pyramidalis. No one 
would readily have suspected that one chief reason of 
tins difference probably was, that the exposed situation 
was unfavourable to Lepidoptera, and therefore to the 
siding of 0. pyramidalis ; whereas, as we shall here- 
after see, the Bee Ophrys is independent of insects. 

3Iany spikes of 0. latifdia were examined, because 
being familiar with the usual state of the closely-allied 
V. macuMa, I was surprised to find in nine nearly 
withered spikes (as may be seen in the list) how few 
poUmia bad been removed. In one instance, however, 
U. ^uMa had been even woi-se fertilised ; for seven 
spikes with 315 flowers, produced only forty-nine seed- 
capsules— that is, on an average only seven capsules 
on each spike. In this case the plants formed larger 
eds than I had ever before seen ; and I imagine that 
there were too many flowers for the insects to visit 
and fertilise all of them. On some other plants of 
U. maculala growing at no great distance, above thirty 
capsules had been produced by each spike. 

^ Orchs Jmca offers a still more curious case of 
imperfect fertilisation. I examined ten fine spikes 
from two localities in South Kent, sent to me by 31r. 

xenden and 3Ir. Malden : most of the flowers on these 
spikes were partly withered, with the pollen mouldy 
even in the uppeimost flowers ; we may therefore infer 
at no more pollinia would have been removed I 
earned all the flowed only in two spikes, on acMnnt 
of the troulle from their ivithereil condition, and the 
rault may scon in the list, namely, litty-fonr 
flowers nith both ixillmia in place, and only eight 
With one or both removed. In this Orchid, and in 0. 
laiifolta, neither of which had been sufficiently visited 
by insects, there were more flowers with one pollinium 
than with both removed. I casually examined many 

D 2 



36 



OPIIKE*^:, 



ClJAP. 1, 



flowers in the other spikes of 0. fusca, and the propor- 
tion of pollinia removed was evidently not greater 
than in the two in the list. The ten spikes bore 
alto^>’ether 358 flowers, and, in accordance with the 
few pollinia removed, only eleven capsules had been 
formed : five of the ten spikes produced not a single 
capsule ^ tw''o spikes had only one, and one had a$ 
many as four capsules. As corroborating what 1 have 
before said with respect to pollen being often found on 
the stigmas of flowers which retain their own pollinia, 
I may add that, of the eleven flow^ers which had 
produced capsules, five had both pollinia still within 
their now withered anther-cells. 

From these facts the suspicion naturally arises that 
0. fusca. is so rare a species in Britain from not being 
sufficiently attractive to insects, and to its not 
producing a sufficiency of seed* C* K* Sprengel* 
noticed, that in Germany 0* milititris (ranked by 
Eeiithani as the same species with 0. fusea) is likewdse 
imperfectly fertilised, hut more perfectly than our 0. 
/usca ; for he found five old spikes bearing 138 flowers 
which had set thirty-one capsules ; and he contrasts the 
state of these flowers with those of Gy^nnadenia comp- 
seaj in which almost every flower produces a capsule. 

An allied and enrious subject remains to be discussed. 
The existence of a well-developed spur-like nectary 
seems to imply the secretion of nectar. But Sprengel, 
a most careful observer, thoroughly searched many 
flowers of 0, lati folia and morioy and could never find 
!i drop of nectar; nor could Kriinitzt find nectar 

* ‘ Das tntdcckte Geheimniije; ixmg dcr Kektnrien,’ 1S33, e. 2S. 
etc. a. 404, ^ eutdeckte Gckeim* 

t Quoteil by J, G, Kiarr in his nige,* a, 403 . 

* Uiitci^iiuchungcii liber die Bedeu- 
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either in the nectary or on the labelluin of 0. morio, 
fusca, milUaris, maculata or loUifdia. I have looked 
to all our common British species and could find no 
trace of nectar; I examined, for instance, eleven 
flowers of 0. maevlata, taken from different plants 
growing in different districts, and taken from the most 
favourable position on each spike, and could not find 
under the microscope the smallest bead of nectar. 
Sprengei calls these flowers “ SeheinsaftUuimn,"’ or 
sham-nectar-produeers he believes that these plants 
exist by an organized system of deception, for he well 
knew that the visits of insects were indispensable for 
their fertilisation, But when we reflect on the incalcul- 
able number of plants which have lived during a great 
length of time, all re(j[uiring that insects should carry 
the pollen-masses from flower to flower in each gene- 
ration ; and as we further know from the number of the 
pollen-masses attached to their proboscides, that the 
SRiuc insects visit l<irg6 nuinljBr of flowci’s^ wc cuii 
baldly believe in so gigantic an imposture. He 
who believes in Sprengel*s doctrine must rank the 
sense or instinctive knowledge of many kinds of 
insects, even bees, very low in the scale. To test 
the intellect of moths and butterflies I tried the 
following little experiment, which ought to have been 
tried on a larger scale. I removed a few already- 
opened flowers on a spike of 0. ^jramidedis, and 
then cut ofi about half the length of the nectaries 
of the six next non-expanded flowers. When all the 
flowers were nearly withered, I found that thirteen 
of the fifteen upper flowers with perfect nectaries 
had their pollinia removed, and two alone had their 
polliiiia still in the anther-cells ; of the six flowers 
with their nectaries cut off, three had their pollinia 
removed, and three were still in place ; and this in- 
* 




38 



OPIIRE^. 



J 



Chap* I. 



(licates that moths do not go to wcrk in a quite sense^ 
less maimer.* 

Nature may be said to have tried this same experi- 
ment, but not quite fairly; for Orelm pijramidalu^ 
as shown by Mr, Bentham^t often produces monstrous 
flowers without a nectary, or with a short and imperfect 
one. Sir C, Lyell sent me several spikes from Folke- 
stone with many flowers in this condition : I found six 
without a vestige of a nectary^ and their pollinia had 
not been removed. In about a dozen other flowers, 
having either short nectaries^ or with the labelhim 
imperfect, the guiding ridges being either absent or 
developed in excess and rendered foliaceous, the 
pollinia in one alone had been removed, and the ova- 
rium of another flower was sw'elling. Yet I found 
that the saddle-formed discs in these eighteen flowers 
w'ere perfect, and that they readily clasped a needle 
when inserted in the proper place. Moths had removed 
the pollinia, and had thoroughly fertilised the perfect 
flow^exs on the same spikes ; so that they must have 
neglected the monstrous flow^ers, or, if visiting them, 
the derangement in the complex mechanism of the 
parts had hindered the removement of the pollinia, 
and prevented their fertilisation. 

Notwithstanding these several facts I still suspected 
that nectar must be secreted by our common Orchids, 



• Kurr CBedeutuHg der Nek- 
tarien,* 1S33, p. 123> cut off the 
nectanea of fifteen flowera of 
Gyinnadenia cotiopaea^ and they 
did not produce a aingle capsule ; 
ho also treated in tho same mani 
ner fifteen flowera of PUtanthera 
or Habcnaria hifdia, and iheee 
set only five c^p8ule^^^ but then it 
aliould bo observed that the nec- 
tanea of both these orchids con- 
tain free nectar. He abo cut off 



the corolla, leaving the nectary, of 
forty flowera of Orchis mmo, and 
these set no capanle^; and thia 
case shows that in sects are guided 
to the flowers by the corolla. 
Sixteen flow'ers of Platanthcra 
treated in the eame manner bore 
only one capsule. Similar esperi- 
ments made by him on Gymnu- 
denia seem to me open to doubt. 

t * Handlxrok of the British 
Flora,’ 1858, p, 501, 
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and I determined to examine 0, mono rigorously. As 
soon as many flowers were open, I began to examine 
them for twenty-three consecutive days : I looked at 
them after hot sunshine, after rain, and at all hours : 
I kept the spikes in water, and examined them at 
midnight, and early the next morning: I irritated 
the nectaries with a bristle, and exposed them to 
irritating vapours : I took flowers which had lately had 
their pollinia removed by insects, of which fact I had 
independent proof on one occasion by finding grains 
of some foreign pollen within the nectary ; and 1 took 
other flowers, which judging from their position on the 
spike, would soon have had their pollinia removed j 
but the nectary was invariably quite dry. After the 
publication of the first edition of this work, I one 
day saw various kinds of bees visiting repeatedly the 
flowers of this same Orchid, so that this was evidently 
the proper time to examine their nectaries ; but I failed 
to detect under the microscope even the minutest drop 
of nectar, feo it was w’ith the nectaries of 0. Tnaculutct 
at a time when I repeatedly saw flies of the genus 
Empis keeping their proboscid es inserted 'into them 
for a considerable length of time. Oychis 
was examined with equal care with the same result, 
for the glittering points within the nectary were abso- 
lutely dry. We may therefore safely conclude that 
the nectaries ot the above-named Orchids neither in 
this country nor in Germany ever contain nectar. 

hilst examining the nectaries of 0. Ttwrio and 
inaculata, and especially of 0. pyTamidalis and hifdna, 
I was surprised at the degree to w^hich the inner and 
outer membranes forming the tube or spur were sepa- 
rated from each other,— also at the delicate nature of 
the inner membrane, w'hich could be penetrated very 
easily, — and, lastly, at the quantity of fluid contained 
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between the two membranes. So copious is this fluid, 
that after cutting off the extremities of the nectaries 
of d. pyramidaUs, and gently squeezing them ou glass 
under the microscope, such large drops of fluid exuded 
from the cut ends, that I concluded that at last I had 
found nectaries which contained nectar ; but when I care- 
fully imide, without any pressure, a slit along the upper 
surface of other nectaries from the same plants, and 
looked into them, their inner surfaces were quite dry. 

I tlien examined the nectaries of Gy nmadema conopsea 
(a plant ranked by some botanists as a true Orchis) 
and of Uahmaria bifolia, which are always full of nectar 
up to one-third or two-thirds of their length. The 
inner membrane presented the same structure and was 
covered with papill® as in the foregoing species ; but 
there was a plain difference in the inner and outer 
membranes being closely united, instead of being in 
some degree separated from each other and charged 
with fluid. I was therefore led to conclude that insects 
penetrate the lax inner membrane of the nectaries of 
the above-named Orchids, and suck the copious fluid 
between the two membranes. This was a bold hypo- 
thesis; for at the time no ease was known of insects 
penetrating with their delicate proboscides even the 
laxest membrane. But I have now beard from Mr. 
rrimen, that at the Cape of Good Hope moths and 
butterflies do much injury to peaches and plums by 
puncturing their unbroken skins. In Queensland, 
Australia, a moth, the Ophideres fuUonicaf bores 
through the thick rind of the orange with its wonder- 
tul proboscis, provided with formidable teeth,* There 
is therefore not the least diflSculty in believing that 
Lepidoptera with their delicate proboscides, and bees 

Microscopical 

and fi^nared this organ m tbe Science/ voL xv, 1875, p. 385. 
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with their much stronger ones, could penetrate with ease 
the soft inner membrane of the nectaries of the above- 
named Orchids. Dr. H. Miiller is also convinced* that 
insects puncture the thickened bases of the standard 
petals of the Laburnum, f and perhaps the petals of 
some other flowers, so as to obtain the included fluid. 

The various kinds of bees which I saw visiting the 
flowers of Orchis morio remained for some time with 
theii’ jiroboscides inserted into the dry nectaries, and 
I distinctly saw this organ in constant movement. I 
observed the same fact with Empis in the case of 0. 
maculata; and on afterwards opening several of the 
nectaries, I occasionally detected minute brown specks, 
due as 1 believe to the punctures made some time 
before by these flies. Dr. H. Muller, who has often 
ivatchcd bees at work on several species of Orchis, the 
nectaries of which do not contain any free nectar, fully 
accepts my view.^ On the other hand, Delpino still 
maintains that Sprengel is right, and that insects are 
continually deceived by the presence of a nectary, 
though this contains no nectar. § His belief is founded 
chiefly on a statement by Sprengel that insects soon 
find out that it is of no use to visit the nectaries of 
these orchids, as showm by their fertilising only the 




*■ ‘ Die BcfrtlclituIlg,*^cc.p, 235- 

t Treviraniia conHrmfl Bot, 
Zeitung/ 1863, p. 10) a statement 
made by Salisbury, tliat when the 
filariientH in the tiowera of another 
le^minous plant, Edwardaia, fall 
otf, or when they are cantioualy 
separated, a large quantity of 
fluid flows from the points 
of separation ; and as he forehand 
there was no of any sueli 

fluid, it must have been contained, 
as Trevimnus romarks, ’witJun tlie 
cellular tissue* I may add an ap- 
parently similar, but really dis- 



tinct namely, tlie presence 
of ueotar in several monncotyle- 
tlonous plants (as described by 
Ad. Brongniart in ‘Bull. Soc* Bot. 
do Fmnce/ tom. i. 185-1, p. 75 j 
l>etweeTi the two walls ^feuillets) 
which form the diTisions of the 
ovarium. But the nectar in this 
case is conducted to the outside 
by a channel ; and the secreting 
surface is homologically an ex- 
terior surface, 

t * Die Befruditung/ &c. p, 

§ ‘ Ult. Osservazioiii sulla Di- 
cogainia/ 1875, p. 121^ 
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show this iiuich intelligence, should persevere in 
visiting flower after flower of the above-named Orchids, 
and in keeping their proboscides in constant movement 
for some time within the nectaries, in the hope of 
obtaining nectar which is never present ? This, as I 
have said, seems to me utterly incredible. 

It has been showm how numerous and beautiful are 
the contrivances for the fertilisation of Orchids. AYe 
know that it is of the highest importance that the 
pollinia, when attached to the head or proboscis of an 
insect, should be fixed symmetrically, so as not to fall 
either sideways or backwards. AVe know that in the 
species as yet described the viscid matter of the disc 
sets hard in a few minutes when exposed to the air, 
so that it would be a great advantage to the plant if 
insects were delayed in sucking the nectar, time being 
thus allowed for the disc to become immovably aflSxed. 
It is manifest that insects must be delayed by having 
to bore through several points of the inner membrane 
of ^he nectary, and to suck the nectar from the inter- 
cellular si)aces ; and we can thus understand why the 
nectaries of the above-named species of Orchis do not 
contain free nectar, but secrete it internally between 
the two membranes. 

The following singular relation supports this vieiv 
in a striking manner, I have found free nectar within 
the nectaries of only five British species of Ophreas, 
namely, ^ in Gymnadmia conopsea and aMda, in 
Jlabenaria hifoUa and chlorantha, and in Pensiylua (or 
Rahmaria) viridis. The first four of these species have 
the viscid surfaces of the discs of their pollinia naked 
or not enclosed within pouches, and tlie viscid matter 
does not rapidly set hard when exposed to the air, as if 
it did, it would immediately have been rendered use- 
less; and this shows that it must differ in chemical 
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lower and first opened flowers* But this statement is 
completely contradicted by my obseryations previously 
given, from which it follows that very many of the 
upper flowers are fertilised ; for instance, on a spike 
of 0. pyramidalis with between fifty and sixty floivers, 
no less than forty-eight had their pollinia reinoved, 
Nevertheless, as soon as I learnt that IJelpino still be- 
lieved in Sprengehs view^, I selected during the un- 
favourable season of 1875 six old spikes of O^ maculafa, 
and divided each into halves, so as to observe whether 
many more capsules were produced by the lower than 
by the upper half. This certainly was not always the 
case ; for in some of the spikes no difference could be 
detected between them ; in others there were more cap- 
sules in the lower, while in others there were more in 
the upper half. A spike of 0. pyramidalis examined 
ill the same manner produced twice as many capsules 
in the upper as in the low^er half. Bearing in mind 
these facta and others before given, it appears to me 
incredible that the same insect should go on visiting 
flower after flower of these Orchids, although it never 
obtains any nectar* Insects, or at least bees, are by 
no means destitute of intelligence. They recognise 
from a distance the flowers of the same species, and 
keep to them as long as they can. When humble- 
bees have bitten boles through the corolla, as they 
often do, so as to reach the nectar more easily, hive- 
ees immediately perceive w'hat has been done and 
take advantage of the perforations. When flowers 
mg more than a single nectary are visited by many 
bees so that the nectar is exhausted in most of them, 
le es w ich afterwards visit such flowers insert 
then proboscides only into one of the nectaries, and 

^ exhausted, thev instantly pass on to 
another flower. Can it be believed that bees w'hich 
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nature from that in the foreg-oing species of Orchis. 
But to make sure of this fact I removed tlie pollinia 
from their anther-cells, so that the upper as well as the 



under surfaces of the viscid discs were freely exposed 
to the air ; in Gynmadenia eonopsea the disc remained 
sticky for two horn's, and in Hahenaria cMorantha for 
more than twenty-four hours* In FeristyJm viridh the 
viscid disc is covered by a pouch-formed membrane, 
but this is so minute that botanists have overlooked 
it* I did not, when examining this species, see the 
importance of ascertaining exactly how soon the 
viscid matter set hard ; but I copy from my notes 
the words written at the time ; “ disc remains sticky 
for some time when removed from its little pouch,” 
Isow the meaning of these facts is clear : as the 



viscid matter of the discs of these five latter species is 
so adhesi\e that it serves to attach the pollinia firmly 
to the insects which visit the flowers, without setting 
hard, there would be no use in the insects being 
delayed by having to bore holes at several points 
through the inner membrane of the nectaries ; and in 
these five species, and in these alone, we find copious 
nectar ready stored lor rapid suction in open nectaries* 
On the other hand, whenever the viscid matter sets 
hard by exposure for a short time to the air, it would 
manifestly be advantageous to the plant, if insects 
were delayed in obtaining the nectar ; and in all such 
species the nectar is lodged within intercellular 
so that It can be obtained only by the inner mem- 
brane being penetrated at several points, and this will 
require time. If this double relation is accidental, 

1 IS a oitunate accident for the plants ; but I cannot 
e leve it o e so, and it appears to me one of the 

most wonderful cases of adaptation which has ever 
been recorded. 
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CHAPTER IL 

OPH R E JE — CO ntinued* 

Fly and Spider Ophrya— Bee Ophiy^s, apparently adapted for perpetual 
aelf-fertiliaatioD, but with paradoxical coiitrivatioes for intercrossing 
— Herminium monorchis, attaclimcnt of the polliuia to the front legs 
of insects— Peristyliia viridis, fertilisation indirectly effected byneetar 
secreted from three parts of the Jabellum— Grymnadenia conopsea, 
ami other species — Habenaria or Platanthera chlorantha and 
bifolia, their pulliuia attuclied to tho eyes of Lepidoptera — Other 
. species of Habenaria— Boo a tea — Disa — Summary on tho powers oi 
mo Yemen t in the pollinia. 

The genus Ophrys differs from Orchis chiefly in 
having separate pouch-formed rostella,* instead of 
the two being confluent. 

In Ophrya muaeif&ra, or tlie My Ophrys, the chief 
peculiarity is that tlie cauclicle of the pollinium 
flg* 3) is doubly bent. The nearly circular piece 
of membrane, to the under side of which the ball of 
viscid matter adheres, is of considerable size, and forms 
the summit of the rostellum. It is thus freely exposed 



* It is not correct to speak of 
two rostella, but the inaccuracy 
may l>e forgiven from ita convo- 
nience* The rostellum strictly is 
a single organ, formed by the 
modification of the dorsal stigma 
and pistil ; so that in Uphrys the 
two pouches, the two viscid discs, 
and the ajiace between them to- 
gether form the true rostellum. 
Again, in Orchis I bavo spoken of 
the iM>uch-formed organ as the 
rostellum, but strictly the rostel- 
lum includes tlio little crest or 



fold of membrane (see B in fig. 1) 
projecting between tlie bases of 
tlie anther-cel la* This folded 

crest (sometimes converted into a 
solid ridge) corresponds with the 
smooth surface lying betw'een the 
two pouches in Ophrya, and owes 
its protuberant and folded condi- 
tion in Orebia to the two pouches 
having been brought together and 
rendered conlluenh Tliis modi- 
flention will be more fully ex- 
plained in a future chapter* 
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to the airj instead of lying almost hidden at the base of 
the anther, as in Orchis, and thus kept damp* Never- 
theless, when a pollinium is removed, the caudicle 
hends downwards in the course of about six minutes, 
and, therefore, at an unusually slow rate; the upper 




OPlims aiUSClFERA, OR FlY OpHRYS. 



a. anther, s, stigma, 

r, r, rostdla, I Ubell um. 

A. FlQwer viewed in front; thetwo 
uppoi petals are almost cylin- 
drical nod hairy : the two ros- 
tella stand a little in advance 



of the bases of the anther-'cells ; 
but this is not shown from the 
^'^reshorteaing of the drawing. 
i>. One of the two pollinia removed 
from its anther-cell, and vie wed 
laterally. 



end still remainiug curved. I formerly thought that 

irM ^ bare bfen con- 

« T“"" Tl>e ball o( 

by the lewer lulf ot the rostellum, «.d this i. i,ec<»»ry, 
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jis tli6 \ ihCid. miitt 0 r (jiiicltly sots litird wlion exposed to 
the tiir. The pouch is not elastic, and does not spi’inf-f 
np when the pollinium is removed. Such elasticity 
u'ould liave been useless, as there is here a separate 
pouch for each viscid disc ; whereas in Orchis, after 
one pollinium has been removed, the other has to 
he kept covered up and ready for action. Hence it 
appears that nature had been so economical as to save 
even superfluous elasticity. 

The pollinia cannot, as I have often proved, be shaken 
out of the anther-cells. That insects of some kind 
visit the flowers, though not frequently, and remove 
the pollinia, is certain, as we shall immediately see. 
Twice 1 have found abundant pollen on the stigmas of 
flowers, in whicii both pollinia were still in their cells ; 
and no doubt this might have been mucli oftener ob- 
served. The elongated labellum aflfords a good landing- 
place for insects : at its base, just beneath the stigma, 
there is a rather deep depression, representing the 
nectary in Orchis ; but I could never sec a trace of 
nectiir within it ; nor have I ever observed any insects 
approach these inconspicuous and scentless flowers, often 
as I have watched them. There is, however, on each side 
of the base of the labellum a small shining projection, 
having an almost metallic lustre, which appears curi- 
ously like a drop of fluid or nectar ; and as these flowers 
are only visited occasionally by insects, Sprengel’s view 
of the existence of sham-nectaries is far more probable 
in this case than in any other known to me. On* 
several occasions I have detected minute punctures iu 
these protuberances, but I was not able to decide whether 
they had been made by insects, or whether superficial 
cells bad spontaneously burst. Similar shining pro- 
tuberances are present on the lahella of all the other 
species of Ophrys. The two rostella stand not far 
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apai'tj fttid project over tlie stigmfi ; fiod if any object 
is gently pushed against one of them, the pouck is 
depressed and the viscid hall together with the p<^l“ 
liiiium adheres to it and is easily removed. 

Since the pnblication of the second edition in 1877, 
Ileiinann Muller has made the interesting ohserva* 
tion* that the lahelluni of the Fly Oplirys is occa- 
sionally covered with drops of an excreted Ihiirb and 
in one instance he actually saw a Hy (Sarcophatja, sjh) 
seated on the lahelliim and licking up the drops of 
huid. The fly fle^v away without removijig tlie pol- 
linia ; but if he had not been disturbed it is probable 
that he would have moved on and tried the sham 
nectaries of Sprengeb in which case he would have 
come in contact with the sticky disc of tlie pollen 
masses, and would thus have been able to eflfect the 
fertilisation of the next flower w hich he might visit. 
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That insects visit the flowers of the Fly Ophrys 
and remove the pollinia, though not effectually or siiffi- 



• ‘ Mature,’ 1S78, p. 221, January 27. 
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cieutly, the following cases show. During several 
years before 1838 I occasionally examined some flowers, 
and found that only thirteen out of 102 had one or 
both pollinia removed. Although at the time I re- 
corded in my notes that most of the flowers were 
partly withered, I now think that I must have included 
many young flowers, which might perhaps have been 
subsequently visited ; so I prefer trusting to the fol- 
lon ing observations. 

IVe here see that, out of 207 flowers examined, not 
half had been visited by insects. Of the eighty-eight 
flowers visited, thirty-one had only one pollinium re- 
moved. As the visits of insects are indispensable for 
the fertilisation of this Orchid, it is surprising (as in 
the case of Orchis fusca) that the flowers have not been 
rendered more attractive to insects. The number of 
seed-capsules produced is proportionably even less than 
the number of flowers visited by insects. The year 
1861 Avas extraordinarily faA'ourable to this species in 
this part of Kent, and I never saAv such numbers 
in flower ; accordingly I marked eleven plants, Avhich 
bore forty-nine flowers, but these produced only seven 
cajjsules. Two of the plants each bore tw'o capsules, 
and three other plants each bore one, so that no less 
than six plants did not produce a single capsule ! 
\Vhat are we to conclude from these facts ? Are the 
conditions of life unfavourable to this species, though 
during the year just alluded to it was so numerous in 
some places as to deserve to be called quite common ? 
Could the plant nourish more seed ; and would it be of 
any advantage to it to produce more seed ? Why does 
it produce so many flowers, if it already produces a 
suiiiciency of seeds ? Something seems to be out of 
order in its mechanism or in its conditions. We shall 
presently see that Ophrys ctpif&ra, or the Bee Ophrys 





60 



OrHRE-®. 



Chap. II. 




presents a womlerful contrast in every flower producing 
a capsule. 

02)hrijs aranifera, or the Spider Oplirys.— I ntn in- 
debted to Mr, Oxeixdcn for some spikes of this rare 

species. Whilst the pollinia 

f remain enclosed within their 
cells, the low'cr part of the cau- 
diele projects up in a straight 
lino from the viscid disc, and 
therefore has a very difierent 
h A form from the corresponding 

art of the caiidicle of 0. mm- 



Ophrys aranifeiiV 



A. PoiiiDium before tho act of eifera ; but the upper part (A, 

B. PolliiiiXTitterthe act of Ag- 6) is a little bent forward, 

depression. that is, towards the labellum. 



The point of attachment of the candiclo to the disc 
is hidden within the buses of the anther-cells, and 



is thus kept damp; consequently, as soon as the 
polliniu are exposed to the air, the usual movement of 
<leprcssion takes place, and they sweep through an 
angle of about ninety degrees. By tliis movement 
they assume, supposing them to be attached to an 
insect's head, a position exactly adapted for striking 
the stigmatic surface, w^hich is situated, relatively to 
the pouch-formed rostella, rather lower down in the 
flower than in the Fly Ophrys, 

I examined fourteen flowers of the Spider Ophrys, 
several of which were partly withered ; and in none 
were both pollinia, and in three alone w as one pollinium 
removed. Hence this species, like the Fly Ophrys, 
is but little visited by insects in England, In parts 
of Italy it is even less visited, for Delpino states* 
that in Liguria hardly one flower out of 3000 sets a 



* * rif. Oeserv. a, Parto L ISGS-Ga, p. 177. 
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capsule, though near Florence rather more capsules 
are produced. 'I’he lahellum does not secrete any 
nectar. The flowers, however, must he occasionally 
visited and fertilised by insects, for Delpino found* 
pollen-masses on tJie stigmas of some flowers which 
still retained both their own pollinia. 

The anther-cells are remarkably open, so that with 
some plants which were sent me in a box, two. pair 
of pollinia fell out, ami stuck by tlieir viscid discs 
to the petals. Here we have an instance of the first 
appearance of a trifling structure which is of not the 
least use to its possessor, but becomes when a little 
more developed, highly beneficial to a closely -allied 
species ; for although the open state of the anther-cells 
is useless to the Spider Ophrys, it is of the highest 
importance, as we shall presently see, to the Bee 
Ophrys. The flexure of the upper end of the caudicle 
of the pollinium is of service to the Spider and Fly 
Oi)hrys, by aiding the pollen-masses, when carried by 
ins(;cts to another flower, to strike the stigma ; hut by 
an increase of this bend together with increased flexi- 
bility in the Bee Ophrys, the pollinia become adapted 
for the widely different purpose of self-fertilisation. 

Oplivys ardcliTiitss . — This form, of which Sir, Oxenden 
sent me several living specimens, is p- ^ 
considered by some botanists as only a 
variety of the Bee Ophrys, by others as a 
distinct species. The anther-cells do not 
stand so high above the stigma, and do 
not overhang it so much, as in the Beo 



thirds, or even only half as long as that of the Bee 



* - Fo^- Oiidozione nelle Piante Aotouarpe/ ISCT, p. 20. 





The caudicle is only two- Ophrys arachnites. 
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Oplirys, and is much more rigid; the upper part is 
naturally curved forwar<l ; the lower part undergoes 
the usual movement of depressions when the pollinia 
are removed from their cells. The pollen-masses 
never fall spontaneously out of their cells. This plant* 
thereforOs differs in every important respect from 0. 
ajnfera, and seems to bo much more closely allied to 
0* aranifera^ 

Ophrijs seolopax of Cavanilles. — This form inhabits 
the north of Italy and the south of France, Mr, 
Jloggridge says* that at Mentone it never shows any 
tendency to fertilise itself, whilst at Cannes the pollen- 
masses naturally fall out of their cells and strike the 
stigma. He adds ; “ This material difference between 
the two is accomplished by a very slight bend in the 
auther-cells, which are prolonged into a beak of variable 
length, in the case of the self-fertilising blossoms,” 

Ophrys apifera . — The Bee Ophr^^s differs widely 
from the great majority of Orchids in being excellently 
constructed for fertilising itself. The t\vo pouch-formed 
rostella, the viscid discs, and the position of the stigma, 
are nearly the same as in the other species of Ophrys ; 
but the distance of the two pouches from each other, 
and the shape of the pollen-masses are somew’hat 
variable. t The caudicles of the pollinia are remark- 
ably longj thin, and flexible, instead of being, as 
in all the other Ophrcee seen by me, rigid enough 
to stand upright. They are necessarily curved 
forward at their upper ends, owing to the shape of 
the anther-cells ; and the pear-shaped pollen-masses 
lie embedded high above and directly over the 



* * Joum. Liim. Soc.' toI viii. 
1865, p. 258, 



syTunaetrically oonflutstit aa in the 
giinuH Orchis, ftnfl with the 
viM'id discH likcwiso confluent, (la 
ia Orchis pyramidalU or hirehifi- 



t 1 once found a singlo flower 
on the fiiimiuit of a spike, with 
the two rotitel la as complete] y and 
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stigma. The anther-cells naturally open soon after 
the flower is fully expanded, and the thick ends of 
the pollen-masses then fall out, the viscid discs still 
remaining in their pouches. Slight as is the weight 
of the pollen-masses, yet the caudiclcs are so thin and 
quickly become so flexible, that in the course of a few 
hours they sink down, until they hang freely in the air 



if 

16X0^ 




Ophry-s apifeka, OB Bee Ophrys. 



<1. anther* 

/ /. Jab^llum, 

A, Side view of finwer, with the 
upper sepal and the two upper 
petals removed. One pollimum^ 
with its disc still iu its pouch, 
15 represented as ju 5 t falling 



out of the anther-cell; and 
the other has fallen almost to 
its full extent^ opposite to the 
hidden stigmatic surface, 

B, Poliimum in the position in 
which it lies embedded. 



(see lower pollen-mass in fig. A) exactly opposite to 
and in front of the stigmatic surface. In this position 
a breath of air, acting on the expanded petals, sets 
the flexible and elastic eaudicles vibrating, and they 
almost immediately strike the viscid stigma, and, 
being there secured, impregnation is effected. To 
make sure that no other aid was requisite, though 




Darwin Online: courtesy Oklahoma University Libraries 



54 



ophrej^:. 



Chap. H, 



tlie experiment was superfluous, I covered up a plant 
under a net, so that tlie wind^ hut no insects, could 
pass in, and in a few' days the poll in: a became attached 
to the stigmas* But the pollinia of a spike kept in 
w'ater in a still room remained free, suspended in front 
of the stigma, until the flowers withered, 

Eobeit Brow n first observed that the structure of the 
Bee Ophrys is adapted for self-fertilisation.* When 
we consider the nnusual and perfectly-adapted length, 
as well as the remarkable flexibility of the caudicles ; 
when we see that the anther-cells naturally open, and 
that the masses of pollen, from their weight, slowly 
hill down to the exact level of the stigmatic surface, 
and are there made to vibrate l^y the slightest breath 
of wind until the stigma is struck ; it is impossible 
to doubt that tliese several points of structure and 
function, which occur in no other British Orchid, are 
specially adapted for self- fertilisation* 

The result is what might have been anticipated. I 
have often noticed that the spikes of the Bee Ophrys 
apparently produced as many seed-capsules as flow ers ; 
and near Torquay I carefully examined many dozen 
plants, some time after the flow ering season ; and on 
all I found from one to four, and occasionally five, 
fine capsules, that is, as many capsules as there had 
been flow’ers. In extremely few^ cases, with the excep- 
tion of a few deformities, generally on the summit of 
the spike, could a flow'er be found w hich had not pro- 
duced a capsule. Let it be observed w'hat a contrast 
this species presents with the Fly Ophrys, which 
requii es insect aid for its fertilisation, and w'hieh from 
forty-nine flowers produced only seven capsules ! 



* * Tn»Tisaot. Liun, Foe.* toI. 
xvi. p, 7i0. Brown errotieoualy 
beUevetl that this pccnliartty wo3 



coDanion to the "enus. As fnr as 
the four British eipeciea ere con- 
cerned, it fipplies to this one alone. 
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. From what I had then seen of other Orchids, I 
was so much surprised at the self-fertilisation of this 
species, that I examined during many years, ami ashed 
others to examine, the state of the pollen-masses in 
many hundreds of flowers, collected in various parts of 
Eugland. The particulars are not worth detailing; 
but I may give as an instance, that Mr. Farrer 
found in Surrey that not one flower out of lOfl 
had lost both pollinia, and that only three had lost 
a single one. In the Isle of Wight, 3lr. More 
examined 136 flowers, and of these the very unusual 
number of ten had lost both, and fourteen* had lost 
one; but then he found that in eleven cases the 
caudiclcs had been gnawed through apparently by 
snails, the discs still remaining in their pouches; so 
that the pollinia had not been carried away by insects. 
In some few' cases, also, in which I found the pollinia 
removed, the petals were marked with the slime of 
snails. Nor must we forget that a blow from a 
passing animal, and possibly heavy storms of wind 
might occasionally cause the loss of one or both 
pollinia. 

During most years the pollen-masses of the many 
hundred flowers which were examined, adhered with 
the rarest exceptions to the stigma, with their discs still 
enclosed within the pouches. But in the vear 1S6S. 
from some cause the nature of which I cannot conjecture, 
out of 116 flowers gathered in two localities in Kent, 
seventy -live retained both pollinia in their cells ; ten 
had one pollinium, and only thirty-one had both 
adhering to the stigma. Long and often as I have 
watched plants of the Bee Ophrys, I have never 'seen 
one visited by any insect.* Robert Brown imagined 



• Mr. G Liar 1 E. Smith, in liij^ * Catalogue of Plimts of S, Keiiti 
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that the flowers resembled bees in order to deter their 
visits^ but this seems extremely improbable. The 
flowers with their pink sepals do not resemble any 
British bee, and it is probably true, as I have heard ^t 
said, that the plant received its name merely from the 
hairy labelhim being somewhat like the abdomen of a 
humble-bee* We see how fanciful many of the names 
are, — one species being called the Lizard and another 
the Frog Orchis* The resemblance of 0* mmcifera to 
a fly is very much closer than that of 0* apifera to a 
bee ; and yet the fertilisation of the former absolutely 
depends on and is eftected by the means of insects. 

All the foregoing observations relate to England, 
but Mr. Moggridge made similar ones on the Bee 
Ophrys in Northern Italy and Soutliern France, as did 
Treviranus* in Germany^ and Dr* Hooker in Morocco. 
We may therefore conclude,— from the pollinia spon- 
taneously falling on the stigma— from the co-related 
structure of all the parts for this purpose — and from 
almost all the flowers producing seed-capsules— that 
this plant has been specially adapted for self-fertilisa- 
tion. But there is another side to the ease. 

A\hen an object is pushed against one of the 
pouches of the rostelliim, the lip is depressed, and the 
large viscid disc adheres firmly to it; and when the 
object is removed, so is the pollinium, but perhaps 
not quite so readily as in the other species of 

p irys. Even after the pollen-masses have naturally 
fallen out of their cells on to the stigma, their removal 
can sometimes be thus effected* As soon as the disc is 



1S29 p. 25, says ; Mr. Price 
uatj frequently witnosm J attacks 
mtale upon tLe Bi.e Orchis ly a 
bee, Biiiiili.r to tkom of the 
tmublesome Apig mascoruni:^ 
«hjLt thia seuteiieo means I 



eannoi coniecture, 

* 'J3ot. iSm, p. 241. 

This botanisit ut fir^st doubted my 
oijservations on Ophrifs api/cra 
and ainoe Lay 
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dnx^\ 11 out of its poucli iiiovGinGnt of depression 
commences, by which the polliniiim if attached to 
the front of an insect’s head would be brought into 
a proper position for striking the stigma. When a 
pollen-mass is placed on the stigma and then with- 
drawn, the elastic threads by which the packets are 
tied together break, and leave several packets on the 
viscid surface. In all other Orchids the meaning of 

these several contrivances is unmistakably clear 

namely, the downward movement of the lip of the ros- 
tellum when gently pushed— the viscidity of the disc 
— the depression of the caudicle as soon as the disc 
is exposed to the air — the rupturing of the elastic 
threads — and the conspicuousness of the flower. Are 
w'e to believe that these adaptations for cross-fertilisa- 
tion in the Bee Ophrys are absolutely purposeless, as 
would certainly be the case if this species has always 
been and will always be self-fertilised ? It is, however, 
just possible that insects, although they have never 
been seen to visit the flowers, may at rare intervals 
transport the pollinia from plant to plant, during such 
seasons as that of 1868, when the pollinia did not all 
iall out of the anther-cells so as to reach the stigmas. 
The whole case is perplexing in an unparalleled degree, 
for we have in the same flower elaborate contrivances 
for directly opposed objects. 

1 hat cross-fertilisation is beneficial to most Orchids, 

we may infer from the innumerable structures serving 

for this purpose which they present; and I have 

elsewhere show'n in the case of many other groups of 

plants * that the benefits thus derived are of high 

importance. On the other band, self-fertilisation is 

• - 

manifestly advantageous in as far as it ensures a full 

* * The Kileotfi of Cross and in the Vegetable 

kiijgilom,* 
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supply of seed; and ^\■e have seen with the other 
British sjiecies of Ophrys which cannot fertilise them- 
selves, how small a proportion of their flowers produce 
capsules. Judging therefore from the structure of 
the flowers of 0, apifern^ it seems almost certain that 
at some former period they were adapted for cross- 
fertilisation, but that failing to produce a suflieiency 
of seed they became slightly modified so as to fertilise 
tliemselves. It is, however, remarkable on this view, 
that none of the parts in question show any tendency 
to abortion— that in the several and distant countries 
which the plant inhabits, the flowers are still con- 
spicuous, the discs still viscid, and the candicles still 
retain the jtower of movement when the discs are ex- 
posed to the air. The metallic points at the base of 
the labelluiu are however smaller than in the other 
species ; and if these serve to attract insects, this dif- 
ference is of some signification. As it can hardly be 
doubted that 0. apifera was at first constructed so as 
to be regularly cross-fertilised, it may be asked will it 
ever revert to its former state; and if it does not so 
rev ert, will it become extinct ? These questions cannot 
be answered, any more than in the ease of those plants 
which are now propagated exclusively by buds, stolons, 
&c., but which produce flowers that rarely or never set 
any seed ; and there is reason to believe that asexual 

propagation is closely analogous to long-continued 
selt-fertilisation. 



1 * has shown that in North 

a j p trys apifera, aranifera, arachnites, and scdopa/x 
are connected by so many and such close intermediate 
inks, that all seem to form a single species in 
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accordance with the belief of Linnaeus, who grouped 
them all together under the name of Ophrys imectifera. 
Ml. Moggridge further showg that in Italy 0. 
flo’wers first, and 0. apifeva last, the intermediate 
forms at intermediate periods; and according to Mr. 
Oxenden, the same fact holds good to a certain extent 
in Kent. The three forms which inhabit England do 
not seem to blend into one another as in Italy, and I 
am assured by ]\tr. Oxenden, who has closely attended 
to these plants in their natiye homes, that 0* aranifera 
and apifera always grow in distinct spots. The case 
therefore is an interesting one, as here we have forms 
which may be and generally have been ranked as true 
species, but which in North Italy have not as yet been 
fully difi'erentiated. The case is all the more interest- 
ing, as the intermediate forms can hardly be due to 
the crossing of 0. aranifera with apifera ; this latter 
species being regularly self-fertilised and apparently 
never visited by insects. Whether we rank the several 
forms of Ophrys as closely allied species or as mere 
varieties ot the same species, it is remarkable that 
they should differ in a character of such physiological 
importances as the floivers of some being plainly 
adapted for self-fertilisation, W'hilst the flow-ers of 
others are strictly adapted for cross-fertilisation, being 
utterly sterile if not visited by insects* 

Ilerminium monorehis, — The Jliisk Orchis, which is 
a rare British plant, is generally spoken of as having 
naked glands or discs, but this is not strictly correct. 
I he disc is of unusual size, nearly equalling the mass 
of pollen-grains : it is subtriangular, with one side pro- 
tuberant, and somewhat resembles a distorted helmet 
in shape : it is farmed of hard tissue with the base 
hollo w^ed out, and viscid ; tlie base resting on and 
being covered by a narrow strip of membrane, which is 
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easily pushed awiiy^ aud answers to the pouch in 
Orchis, The whole upper part of the helmet answers 
to the minute oval bit of membrane to W'hich the 
caudicle of Orchis is attached and which in Ophrys 
is larger and convex. When the lower part of the 
helmet is moved by any pointed object, the point 
readily slips into its hollow base, and is there held so 
firmly by the viscid matter, that the whole helmet 
appears adapted to stick to some prominent part of an 
insect's body. The caudicle is short and very elastic ; 
it is attached not to the apex of the helmet, hnt to the 
hinder end ; if it had been attached to the apex, the 
point of attachment would have been freely exposed to 
the air and not kept damp ; and then the pollinium 
when removed from its cell W'ould not have been 
quickly depressed. 

This movement is well marked, and serves to bring 
the end of the pollen-mass into a proper position for 
striking the stigma. The two viscid discs stand wide 
apart. There are tw^o transverse stigmatic surfaces, 
meeting by their points in the middle ; but the broad 
part of each lies directly beneath each disc. The 
labellnm is remarkable from not differing innch in 
shape from the two npper petals, and from not always 
occupying the same position in reference to the axis 
of the plant, owing to the ovarinm being more or less 
twisted. This state of the labcllnra is intelligible, for 
as w'e shall see, it does not serve as a landing-place for 
insects. It is upturned, and together with the two 
other petals makes the w'hole flower in some degree 
tubular. At its base there is a hollow so deep as 
almost to deserve to be called a nectary ; but I could 
not perceive any nectar, which, as I believe, remains 
enclosed in the intercellular spaces. The flowers are 
very small and inconspicuous, hut emit a strong honey- 
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like odour. They seem highly attractive to insects ; in 
a spike with only seven flowers recently open, four had 
both pollinia, and one had a single pollinium removed. 

When the first edition of this book appeared I did 
not know how the flowers were fertilised, but my son 
George has made out the whole process, which is 
extremely curious and differs from tliat in any other 
Orchid known to me. He saw various minute insects 
entering the flowers, and brought home no less than 
twenty-seven specimens with pollinia (generally with 
only one, but sometimes with two) attached to them. 
These insects consisted of minute Hymenoptera (of 
which Teirastiehus diaphantus was the commonest), 
of Diptera and Coleoptera, the latter being Malihodes 
brevicdlis. The one indispensable point appears to 
be that the insect should be of very small size, the 
largest being only the of an inch in length. The 
pollinia were always attached to the same place, 
namely, to the outer surface of the femur of one of the 
front legs, and generally to the projection formed by 
the articulation of the femur with the coxa. The 
cause of this peculiar mode of attachment is suffici- 
ently clear ; the middle part of the labellum stands so 
close to the anther and stigma, that insects always enter 
the flower at one corner, between the edge of the 
labellum and one of the upper petals ; they also almost 
always crawl in with their backs turned directly or 
obliquely towards the labellum. My son saw several 
which began to crawl into the flowers in a different 
position ; but they came out and changed their posi- 
tion. Standing in either corner of the flower, with 
their backs turned tow'ards the labellum, they insert 
their heads and fore legs into the short nectary, which 
is seated between the two widely separated viscid discs. 
I ascertained that they had occupied this position by 
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finding three dead insects, permanently glued to the 
discs. Whilst sucking the nectar, which takes two or 
throe minutes, the projecting joint of the femur stands 
under the large lielmet-Iike viscid disc on either side • 
and wlien the insect retreats, the disc exactly fits on 
and is glned to the prominent joint, or to the surface 
of the femur. The movement of depi'essioii in the 
caudicle now takes place, and the mass of pollen-grains 
then projects just beyond the tibia; so that the insect, 
when entering another flower, can hardly fail to ferti- 
lise tlie stigma, which is situated directly beneath the 
disc on either side. 
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Peristylus TiurDis, OR Frog Orchis. 
IroDt view of flower. 



cz, nothen 
s. stigma* 

orifice of central nectary. 



n'n\ lateral nectaries* 
/. labellum* 



Pertsi(j/lns virtdzs. Thi& plants which bears the odd 
o e rog Orchis, has been placed by many 
Jotanists in the germs Habenaria or Platanthera; but 
le rsLs are not naked, it is doubtful whether this 
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dasaificatiou can be correct. The rostella are small 
iiiifl widely separated from each other. The viscid 
matter on the under side of the disc foi-ms an oval hall 
which is enclosed Avithin a small pouch. The upper 
membrane to which the caudicle is attached is of large 
size relatively to the whole disc, and is freely exposed 
to the air. Hence probably it is that the pollinia when 
removed from their cases do not become depressed 
until, as Sir. T. H. Farrer has observed, twenty or 
thirty minutes have elapsed. Owing to this long 
interval, I formerly thought that they did not undergo 
any movement of depression. Supposing a pollinium 
to be attached to the head of an insect, and to have 
become depressed, it vill stand at the proper angle, 
vertically, for striking the stigma. But from the 
lateral position of the anther-cells, notwithstanding 
that tliey converge a little towards their upper ends, 
it is difficult at first to see how the pollinia when 
removed by insects are aftenvards placed on the 
stigma ; for this is of small size and is situated in the 
middle of the flower between the two widely separated 
rostella. 

The explanation is, I believe, as follows. The base 
of the elongated labellum forms a rather deep holloAv 
in front of the stigma, and in this hollow, but some way 
in adA’ance of the stigma, a minute slit-like orifice («) 
leads into a short bilobed nectary. Hence an insect, 
in order to suck the nectar Avith wliich the nectary is 
filled, would have to bend doAvn its head in front of 
the stigma. The labellutn has a medial lidge, whiclr 
Avould probably induce an insect first to alight on 
either side ; but, apparently to make sure of this, 
besides the true nectary, there are tAvo spots (»V) Arhiclx 
secrete drops of nectar on each side at the base of 
the labellum, bordered by prominent edges, directly 
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beneath the two ptjuches. Now let us supjwse an insect 
to alight on one side of the labelliim so as first to lick 
ii]) the exposed drop of nectar on this side ; from the 
position of the pouch exactly over the drop, it would 
almost certainly get the pollinium of this side attached 
to its head* If it were now to go to the month of the 
true nectary, the pollinium attached to its head from 
not having as yet become depressed would not touch 
the stigma ; so that there would be no self-fertilisation* 
The insect ivoiild then probably suck the exposed drop 
of nectar on the other side of the labellum, and w^mild 
perhaps get another pollinium attached to its head ; it 
w ould thus he considerably delayed by having to visit 
the three nectaries* It would then visit other flowers 
on the same plant, and afterwards flowers on a distinct 
plant ; and by this time, but not before, the pollinia 
will have undergone the movement of depression and 
w ill be in a proper position for effecting cross-fertilisa' 
tion. It thus appears that the secretion of nectar at 
three separate points of the lahellnm, — the wide dis- 
tance apart of the two rostella, — ^and the slow down- 
ward movement of the candid e without any lateral 
movement — are all con'elatod for the same purpose of 
cross-fertilisation* 

To what extent this Orchis is frequented by insects, 
and w^hat the kinds are, I do not kuow', but several of 
the flowers on two spikes, sent me by the Rev* B* S* 
Malden, had a single pollinium removed, and one 
flower had both removed. 

e now come to two genera, namely, Gymiiadeiua 
and Ilabenaria or Platanthera, including four British 
species, which have uncovered viscid discs. The viscid 
matter, as before remarked, is of a somewhat difierent 
nature from that in Orchis, Ophrys, &c*, and does not 
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rapidly set hard. Their nectaries are stored with free 
nectar. ith respect to the uncovered condition of 
the discs, the last species, or PensUjlua viridis, is in 
an almost intermediate condition. The four following 
species compose a much broken series. In Gymna- 
denia conopsea the vicid discs are narrow and much 
elongated, and lie close together ; in G. alUda they 
are less elongated, but still approximate ; in Eabenarm 
lifoUa they are oval and far apart ; and, lastly, in K 
ehhrantka they are circular and much farther apart. 

Gymnadenia conopssa, — In general appearance this 
plant resembles pretty closely a true Orchis, The 
pollinia differ in having naked, narrow, strap-shaped 




Fig. 10. 



Gymnadekia conopsea. 



A, Pollmium, before the act of B* Poll Ini um^ after the act of 

depression, press! on ^ but before it has 

closely clasped the disc, 

discs, whicii are as long as the caudicles (fig. 10), 
When the pollinia are exposed to the air the caudicle 
is depressed in from thirty to sixty seconds ; and as 
the posterior surface of the caudicle is slightly hol- 
lowed out, it closely clasps the upper membranous 
surface of the disc. The mechanism of this movement 
will be described in the last chapter. The elastic 
threads by which the packets of pollen are bound to- 
gether are unusually weak, as is likewise the case with 
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the two following species of Habenaria: this was well 
shown by the state of specimens which had been kept 
in spirits of wine. This weakness apparently stands in 
relation to the viscid matter of tlie discs not setting 
hard and dry as in Orchis ; so that a moth with a 
pollinium attached to its proboscis might be enabled to 
visit several flowers without having the whole polli- 
nium dragged off by the first stigma which was struck. 
The two strap-shaped discs lie close together, and form 
the arched roof of tlie entrance into the nectary. 
They are not protected, as in Orchis, by a lower lip or 
pouch, so that the structure of the rostclhim is simpler. 
When we come to treat of tlie liomologies of the ros- 
telhini we shall see that this difference is due to a 
small change, namely, to tlie lower and exterior cells 
of the rostellum resolving tliemsclves into viscid 
matter ; whereas in Orchis the exterior surface retains 
its eaidy cellular or membranous condition* 

As the two viscid discs form the roof of the mouth of 
the nectary, and are thus brought clown near to the 
labellum, the two stigmas, instead of being confluent 
and standing beneath the rostellum, as in most of 
the species of Orchis, are lateral and separate. These 
stigmas consist of protuberant, almost liorn-shapcd, 
processes on eacih side of the nectary* That their 
surfaces are really stigmatic I ascertained by fiuding 
them deeply penetrated by a multitude of pollen- 
tubes. As in the case of Orchis pyramidaMSf it is a 
pretty experiment to push a fine bristle straight into 
the narrow mouth of the nectary, and to observe how 
certainly the narrow elongated viscid discs, forming 
the roof, stick to the bristle. W hen the bristle is 
withdrawn, the pollinia adhering to its upper side 
are withdrawn; and as the discs form the sides of 
the arched roof, they adhere somewhat to the sides 
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of the bristle* They then quickly become depressed sr> 
as to lie in the same line with the hristle,— one a little 
on one side, ancl the other on the other side ; and if 
the bristle, held in the same relative position, be now 
inserted into the nectary of another flower, the two 
ends of the polllnia accurately strike the two protn- 

beraut stigmatic surfaces, situated ou each side of the 
mouth of the nectary. 

The flowers smell sweet, and the abundant nectar 
always contained in their nectaries seems highly 
attractive to Lepidoptera, for the polliiiia are soon anil 
effectually removed. For instance, in a spike with 
forty -five open flowers, forty-one had their pollinia 
removed, or had pollen left on their stigmas: in 
another spike witli fifty-four flowers, thirty-seven had 
both pollinia, and fifteen had one poliininm, removed ; 
so that only two flowers in the whole spike had neither 
pollinium removed. 

My son George went at night to a hank where 
this species grows plentifully, and soon caught Plusia 
clivysitia with six pollinia, P. gamma with three, Ariaitis 
^agiata with five, and TTiphsma pronuha with seven 
pollinia attached to their proboscides. I may add 
that he also caught the first-named moth in my 
flower-garden, with the pollinia of this Orchis attached 
to its proboseisj but with all the polleo-granis removeclj 
although the garden is a quarter of a mile distant from 
any spot where the plant grows. Many of the aboye 
moths had only a single pollinium attached, somewhat 
laterally to their proboscides ; and this would happen 
in every case, unless the moth stood directly in front 
t»f the nectary and inserted it proboscis exactly be- 
tween the two discs* But as the labellum is rather 
broad and flat, with no guiding ridges like those on 
the labellum of Orchis pi/ramidaliSy there is nothing to 
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compel motlis to insert tlieir proboscides symmetrically 
into the nectary, and there would be no advantage in 
their doing so, 

CrymTiadema albida,^ — The structure of the flower of 
this species resembles in most respects that of the 
last ; but, owing to the upturning of the labellum, it 
is rendered almost tubular* The naked elongated 
discs are minute and approximate. The stigmatic sur- 
faces are partially lateral and divergent. The nectary 
is short, and full of nectar. Small as the tlowera are, 
they seem highly attractive to insects ; of the eighteen 
lower flowers on one spike, ton had both, and seven 
had one poilinium removed ; on some older spikes all 
the pollinia had been removed, except from two or 
three of the uppermost flowers. 

Grijmiiadenia odoratissima is an inhabitant of the 
Alps, and is said by Dr. II. Miiller* to resemble in 
all the above characters G. conojpsea. As the flow^ers, 
which are pale coloured and highly perfumed, are not 
visited by butterflies, he believes that they are fertilised 
exelnsively by moths. The North American (?• tri- 
deniata, described by Professor Asa Gray,t differs in an 
important manner from the foregoing species, Tlic 
anther opens in the bud, and the pollen-grains, which 
in the British species are tied together by very w'eak 
threads, are here much more incoherent, and some in* 
variably fall on the two stigmas and on the naked 
cellular tip of the rostellum ; and this latter part, 
strange to say, is penetrated by the pollen-tubes. The 
flowers are thus self-fertilised. Nevertheless, as Pro- 
fessor Gray adds, all the arrangements for the removal 

note p, '2G0 ; and vol. xisvi- 1S63* 
p.20;^. In the latter paper be 
adds some 
ntFfin. 
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of tli6 polImiQ by insoctS) inclutlmg tli6 movoniont of 
depression, are as perfect as in the species which 
depend upon insect aid.” Hence there can be little 
doubt that this species is occasionally cross-fertilised. 
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Habenaria chlorantha, or Butterfly Orchis. 
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anther-cells, 
disc of 
stigma. 



nectary. 

orifice of nectary, 
labelimm. 

Flower viewed in front, with Ji 
the sepals and petals remov< 
except the labellum with i 
nectary, which is turned to oi 
side. 



B, A poUiniuni, (This has hardly 

a Bufficieutly elongated appear- 
ance.) The drum-like pedicel 
is hidden behind the disc. 

C. Diagram, giving a section 

through the viscid disc, the 
drum-like pedicel, nnd the 
attached end of the caudicle. 
The viscid disc is fonued of au 
upper membrane with a layer 
of viscid matter beneath. 



Hahenaria or Platanthera chlorantlia , — The pollinia 
of the Large Butterfly Orchis difter considerably from 
those of any species hitherto mentioned. The two 
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anther-cells are separated from each other by a wide 
space of connective membrane, and the pollinia are 
enclosed in a backward sloping position (fig* 11)* The 
\dscid discs front each other, and stand in advance of 
the stigmatic surface. In consequence of their forward 
position, the caudicles and pollen-masses are much 
elongated. Each viscid disc is circular, and, in the 
early bud, consists of a mass of cells, of which the 
exterior layers (answering to the lip or pouch in 
Orchis) resolve themselves into adhesive matter. This 
matter has the property of remaining adhesive for at 
least twenty-four hours after the polliniuni has been 
removed from its cell. The disc, externally covered 
with a thick layer of adhesive matter (see flg* C, 
which stands so that the layer of viscid matter is below) 
is produced on its opposite and embedded side into 
a short dnimdike pedicel. This pedicel is eontinuous 
with the membranous portion of the disc and is formed 
of the same tissue* The candicle of the pollininm is 
attached in a transverse direction to the embedded end 
oi the pedicel, and its extremity is prolonged, as a bent 
riulimentary tail, just beyond the drum. The caudicle 
is thus united to the viscid disc in a very different 
manner, and in a plane at right angles, to what occurs 
in the other British Orchids. In the short drum- 
like pedicel, w'e have a small development of the long 
pedicel of the rostellum, w'hich is so conspicuous in 
many \ andeac, and which connects the viscid disc with 
the true caudicles of the pollinia. 

The drum-like pedicel is of the highest importance, 
not only by rendering tlie viscid disc more prominent 
and more likely to stick to the face of an insect whilst 
inserting its proboscis into the nectary beneath the 
stigma, but on account of its power of contraction. 
The pollinia lie inclined backwards in their cells (see 
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fig. A), above and some way on each side of the stig- 
matic surface ; if attached in this position to the heail 
of an insect, the insect might visit any number of 
flowers, and no pollen would be left on the stigma. 
But observe what takes place : in a few seconds after the 
inner end of the drum-like pedicel has been removed 
from its embedded position and exposed to the air, one 
side of the drum contracts, and this contraction draws 
the thick end of the pollinium inwards, so that the 
caudicle and tire viscid surface of the disc are no longer 
parallel, as they were at first, and as they are reprer 
sented in the section, fig. C. At the same time the 
drum rotates through nearly a quarter of a circle, and 
this moves the caudicle downwards, like the hand of 
a clock, depressing the thick end of the pollininm or 
mass of pollen-grains. Let us suppose the right-hand 
disc to be affixed to the right side of an insect’s face, 
and by the time required for the insect to visit 
another flower on another plant, the pollen-bearing 
end of the pollinium will have moved downwards 
and inwards, and will now infallibly strike the viscid 
surface of the stigma, situated in the middle of the 
flower beneath and between the two anther-cells. 

The little rudimentary tail of the caudicle projecting 
beyond the drum-like pedicel is an interesting point 
to those who believe in the modification of species ; 
for it shows us that the disc has been carried a little 
inwards, and that primordially the two discs stood even 
still further in advance of the stigma than they do 
at present. We thus learn that the parent-form ap- 
proached in this respect the structure of that extra- 
ordinary Orchid, the JBonatea speciosa of the Cape of 
Good Hope. 

The remarkable length of the nectary, containing 
much free nectar, the white colour of the conspicuous 
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flowers, and the strong sweet odour emitted by them at 
night, all show that this plant depends for its fertilisa^ 
tion on the larger nocturnal Lepidoptera, I have 
often found spikes with almost all the pollinia removed. 
From the lateral position and distance of the two 
viscid discs from each other, the same moth wouhi 
generally remove only one polliniiim at a time ; and 
in a spike which had not as yet been much visited, 
three flowers had both pollinia, and eight flowers had 
only one pollinium removed. From the position of 
the discs it might have been anticipated that they 
M ould adhere to the side of the head or face of moths ; 
and Mr, F, Bond sent me a specimen of Radena dentina 
with one eye covered and blinded by a disc, and a 
specimen of Phtsia v. auremn with a disc attached to 
the edge of the eye. Mr. Marshall* collected twenty 
specimens of Cucullia umhratica on an island in Der- 
wentwater, separated by half-a-mile of water from any 
spot where If. ehlorantha grew ; nevertheless, seven of- 
these moths had the pollinia of this Orchid affixed to 
their eyes. Although the discs are so adhesive that 
almost all the pollinia in a bnnch of floivers which was 
carried in my hand and thus shaken were removed 
by adhering to the petals or sepals, yet it is certain 
that moths, probably the smaller species, often visit 
these flowers writhout removing the pollinia j for on 
examining the discs of a large number of pollinia 
whilst still ill their cells I found minute Lepido- 
pterous scales glued to them. 

The cause of the flow'ers of various kinds of Orchids 
being constructed so that the pollinia are always 
affixed to the eyes or proboscides of Lepidoptera, and 
to the naked foreheads or proboscides of Hymenoptera, 
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no doubt is that the viscid discs cannot adhere to 
a scaly or very hairy surface; the scales themselves 
being easily detached. Variations in the structure of 
the flower of an Orchid, unless they led to the viscid 
discs touching some part of the body of an insect 
where they would remain firmly attached, would be of 
no service, but an injury to the plant ; and consequently 
such variations would not be preserved and perfected. 

Hdbenaria hifolia, or Lesser BuUerjly Or^is , — I am 
aware that this form and the last are considered by 
Mr. Bentham and by some other botanists as mere 
varieties of one another ; for it is said that intermediate 
gradations in the position of the viscid discs occur. 
But we shall immediately see that the two forms 
differ in a large number of other characters, not to 
mention general aspect and the stations inhabited, with 
which we are not here concerned. Should these two 
forms be hereafter proved to graduate into each other, 
independently of hybridisation, it would be a remarkable 
case of variation ; and I, for one, should be as much 
pleased as surprised at the fact, for these two forms 
certainly differ from one another more than do most 
species belonging to the same genus. 

The viscid discs of the Lesser Butterfly Orchis are 
oval, and face each other. They stand far closer 
together than in the last species ; so much so, that in 
the bud, when their surfaces are cellular, they almost 
touch. They are not placed so low down relatively to 
the mouth of the nectary. The viscid matter is of 
a somewhat different chemical nature, as shown by 
its much greater viscidity, if after having been long 
dried it is moistened, or after being kept in weak 
spirits of wine. The drum-like pedicel can hardly be 
said to be present, but is represented by a longitudinal 
ridge, truncated at the end where the caudicle is 
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attached, and there is hardly a vestige of the rudi- 
mentary tail* In fig, lii tho discs of both species, 



cers, and holding it under tho microscope, when tho 



an angle of at least forty-five degrees* The caudicles 
of the Lesser Butterfly Orchis are relatively very much 
shorter than in tho other species; the little packets 
of pollen arc shorter, whiter, and, in a mature flower, 
separate much more readily from one another* Lastly, 
the stigmatic surface is differently shaped, being more 
plainly tripartite, with two lateral prominences, situ- 
ated beneath the viscid discs. These prominences 
contract the mouth of the nectary, making it sub- 
quadrangular. Hence I cannot doubt that the Larger 
and Lesser Butterfly Orchids are distinct species, 
masked by close external similarity** 




of the proper proportional 
sizes, are represented as seen 




P vertically from above* The 
pollinia, after removal from 
^ their cells, undergo nearly the 
" same movements as in the hist 



thick end with a pair of pin 



As soon as I had examined the present species, 
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I felt convinced, from tlie position of the viscid discs, 
that it would be fertilised in a different manner from 
the Larger Butterfly Orchis ; and now, owing to the 
kindness of Mr. F. Bond, I have examined two moths, 
namely, Agrotis segetum and Anaitis flagiata, one with 
three polliuia, and the other with five pollinia, attached, 
not to the eyes and side of the face as in the last 
species, but to the base of the proboscis. I may 
remark that the pollinia of these two species of Habe- 
naria, when attached to moths, can be distinguished at 
a glance. 

Professor Asa Gray has described* the structure of 
no less than ten American species of Platanthera. 
Most of them resemble in their manner of fertilisation 
the two British species ; but some of the species, in 
which the viscid discs do not stand far apart, have 
curious contrivances, such as a channelled labellum, 
lateral shields, &c., compelling moths to insert their 
proboscides directly in front. P. hooheri, on the other 
hand, differs in a very interesting manner : the two 
viscid discs stand widely separated from each other ; 
consequently a moth, unless of gigantic size, would be 
able to suck the copious nectar without touching either 
disc ; but this risk is avoided in the following manner : 
— the central line of the stigma is prominent, and the 
labellum, instead of hanging down, as in most of the 
other species, is curved upwards, so that the front of 
the flower is made somewhat tubular and is divided 
into halves. Thus a moth is compelled to go to the 
one or other side, and its face will almost certainly be 
brought into contact with one of the discs. The drum 
of the pollinium, when removed, contracts in the 
same manner as I have described under P. ehlorantha. 



* ‘American Journal of Science,’ vol. sxxiv. IS62, pp. H3, 259, 
Bad 424, Bud vol. xaxvL, J8C3, p. 292 
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Professor Gray lias seen a butterfly (Nisoniades) from 
Oanuda with a polliniuni of this species attached to 
each eye. In the case of P.Jlava^ moths are compelled 
ill a different manner to enter the nectary on one side* 
A narrow but strong protuberance, rising from the base 
of the labellnin, projects upwards and backwards, so 
as almost to touch the column ; thus the moth, being 
forced to go to either side, is almost sure to withdraw 
one of the viscid discs. P. hyperhorea and dihtata 
have been regarded by some botanists as varieties of 
the same species; and Professor Asa Gray says that 
he was formerly tempted to come to the same con- 
clusion; but on closer examination he finds, besides 
other characters, a remarkable physiological difference, 
namely, that P, dilatata^ like its congeners, requires 
insect aid and cannot fertilise itself; whilst in P* 
liyperhorea the pollen-masses commonly fall out of the 
anther-cells whilst the flower is very young or in bud, 
and thus the stigma is self-fertilised. IS^evertheless, the 
various stnictnres adapted for crossing are still present** 
The genus Bonatea is closely allied to Ilabenaria, 
and includes plants having an extraordinary structure* 
Botmtea speeiom is an inhabitant of the Cape of Good 
Hope, and has been carefully described by Mr, Trimen ;t 
but it is impossible to explain its structure ’^vithoiit 
drawings. It is remarkable from the manner in which 
the two stigma tic surfaces, as w'ell as the two viscid 
discs, project far out in front of the flow'er, and from 
the complex nature of the labcllum, w hich consists of 
seven, or probably of nine distinct parts all fused 



^ Mr* J , Mitnscl W cale 1ib,b 
ficribed CJourn. Lin. Boc* Bot * 
vol. xiii. 1871, p. 47) the method of 
fertihsiition of two South Alriefin 
fiT^iea of Ilabenaria r one of 
thtflo ia remarkable from the 
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together. As ia Platanthera jlava, there is a process 
at the base of the labellum which compels moths to 
enter the flower on either side. The nectary, accord- 
ing to Mr. Trimeu and Mr. J. Mansel Weale, does not 
contain free nectar; but the latter author believes 
that the tissue of which it is composed tastes sweet, so 
that moths probably penetrate it for the sake of the 
intercellular fluid. The pollinia are of astonishino- 
length, and when removed from their cases hang down 
merely from the weight of the pollen-masses, and if 
attached to the head of an insect would be in a proper 
position for adhering to the stigma. Mr. Weale has 
likewise described some other South African species 
of Bonatea.* These differ from B. s]peciosa in having 
their nectaries full of nectar. He found a small 
butterfly, Pyrgm elrno, “ perfectly embarrassed by the 
number of pollinia of this Bonatea attached to its 
sternum.” But he does not specify whether the 
sternum was naked or covered with scales. 

t 

The South African genera Disa and Disperis are 
placed by Bindley in two sub-tribes of the Ophrem. 
The superb flowers of ZHsa grandijlora have been 
described and figured by Mr. Trimen.f The posterior 
sepal, instead of the labellum, is developed into a large 
nectary. In order that insects may reach the copiously 
stored nectar, they must insert their proboscides on 
either side of the column; and in accordance with 
this fact the viscid discs are turned outwards in an 
extraordinary manner. The pollinia are crooked, and 
when removed bend downwards from their own weight, 
so that no movement is necessary for placing themselves 
in a proper position. Considering the large supply ol 



* * Journ. Lirm. Soc. Bot/ voL 
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nectar and that the flowers are very conspicuous, it 
is remarkable that they are rarely visited by insects. 
]\rn Trimen ^^Tote to me in 1864 that he had lately 
examined seventy-eight flowers, and only twelve of 
these had one or both polliiiia removed by insects, 
and only five had pollen on their stigmas. He does 
not know what insects occasionally fertilise the flowers; 
but Sirs. Barber has more than once seen a large fly, 
allied to Bombylius, with the pollinia oi Dim fohjgnoi^^ 
attached to the base of its proboscis. Mr^ Weale states* 
that -D, macrantha diflers from H* grayidifiora and cornuta 
in producing plenty of seed, and is remarkable from 
often feHilising itself. This follows from " a very slight 
jerk, when the fiow’er is fully expanded, sufficing to 
eject the pollinia from their wddely open anther-cases, 
and to bring them into contact with the stigma. 
This in nature is not unseldom tho case, as I have 
repeatedly found many flowers thus fertilised.” He 
has, however, no doubt that the flow^ers are likewise 
cross-fertilised by noctunial insects. He adds that 
H, granAifiora in being so seldom fertilised by insects 
offers a case like that of Ophrgs muscifera; whilst 
-D. ^iacTd%t]ia in being often self- fertilised closely cor- 
responds with Oplmjs apifera ; but this latter species 
seems to he invariably self-fertilised. 

Lastly, Mr. Weale has described,! as far as he could 



is fertilised by the aid of insects. It deserves notice 
tnat the labeUum and two lateral sepals of this plant 
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the chief facts with respect to the movements of the 
pollinia, all due to the nicely regulated contraction of 
that small portion of membrane (together* with the 
pedicel in the case of Habenaria) lying between the 
layer or ball of adhesive matter and the extremity of 
the caudicle. In a few cases, however, as with some 
ot the species of Hisa and Honatea, the candicles when 
removed from their cells do not undergo any movement ■ 
the weight of the pollen-masses sufficing to depress 
them into a proper position. In most of the species of 
Orchis the stigma lies directly beneath the anther-cells, 
and the pollinia simply move vertically downwards. 
In Orchis pyramidalis there are tw^o lateral and inferior 
stigmas, and the pollinia move downw'ards and outwards, 
diverging to the proper angle, so as to strike the two 
lateral stigmas. In Gymnadenia the pollinia move 
only dowTiwards, but they are adapted for striking the 
lateral stigmas, by being attached to the upper lateral 
surfaces of the proboscides of Lepidoptera. In Nigri- 
tella they move upwards, but this depends merely on 
their being always affixed to the lower side of the 
proboscis. In Habenaria the stigmatic surface lies 
beneath and between the two widely-separated anther- 
cells, and the pollinia here converge, instead of diverg- 
ing as in Orchis pyramidalis, and likewise move down- 
wards. A poet might imagine that whilst the pollinia 
were borne through the air from flow'er to flower, 
adhering to an insect’s body, they voluntarily and 
eagerly placed themselves in that exact position, in 
Avhich alone they could hope to gain their wish and 
perpietuate their race. 
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CHAPTER III. 

abethusej:. 

Cephulanthera grandiflom ; roatellum atmrted ; early penetration of the 

pollen-tiibca ; case of imperfoct Bolf-fertilisation j crofta-fertilisation 
effected by insects which ^naw the Jabelluiii — CephaiHmthera etisi- 
folia — Pogonia — Ptetostylia and other AuBtralian orchids with the 
labellum sonsitive to a touch — ‘Vanilla — Sobralia. 

Cephalanthera grandijlora, — This Orchid is remark- 
able from not possessing a rostellum, which is so 
eminently characteristic of the order. The stigma is 
large, and the anther stands above it. The pollen 
is e^Atremely friable and readily adheres to any object* 
The grains are tied together by a few weak elastic 
threads ; but they are not cemented together, so as to 
form compound pollen-grains, as in almost all other 
Orchids.* In this latter character and in the complete 
abortion of the rostellum we have evidence of degrada- 
tion ; and Cephalanthera appears to me like a degraded 
Epipactis, a member of thoNeottese, to be described in 
the next chapter. 

The anther opens whilst the flower is in bud and 
partly expels the pollen, which stands iti two nearly 
free upright pillars, each nearly divided longitudinally 
into halves. These subdivided pillars rest against or 
even overhang the upper square edge of the stigma, 
which rises to about one-third of their height (see front 



* This eepamtion of the 
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view B, and side view C, in fig. 13). Whilst the flower 
is still in bud, the ik) lien -grains which rest against the 
upper sharp edge of the stigma (but not those in the 
upper or lower parts of the mass) emit a multitude of 
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Fig, 13 




B 

Cephalantiiera < 3 R.\NDIFL 0 RA. 



a. anther; in the front view, B, 
the two cells with the included 
pollen are seen, 

0. one of the two lateral rudimen- 
tary anthers, or auriclea, 
p. niasses of pollen. 

J. stigma. 

A distal portion of the labellum. 



A* Oblique view of perfect flower, 
when ful ly 01 panded. 

B, Front view of column, with all 

the petals and sepals removed, 

C. Side view of colurnn, with all the 

sepals and petals removed ; the 
narrow pillars of pollen (p) 
between the anther and stigma 
can just be seen. 



tubes ; and these deeply penetrate the stigmatic tissue. 
After this period the stigma bends a little forward, and 
the result is that the two friable pillars of pollen are 
drawn a little forward and stand almost completely free 
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from the anther-cells, being tied to the edge of the 
stigma and supported by the penetration of the pollen* 
tubes. Without this support the pillars would soon fall 
down, ‘ 

The flower stands upright, with the lower part of 
the labellum turned up parallel to the column (fig. A), 
The tips of the lateral petals never become separated;* 
so that the pillars of pollen are protected* from the 
wind, and as the flower stands upright they do not 
fall down from their own weight. These are points of 
much importance to the plant, as otherwise the pollen 
would have been blown or fallen down and been 
wasted. The hibellum is formed of two portions; when 
the flower is mature, the small triangular distal portion 
turns down at right angles to the basal portion ; and 
thus oilers a small landing-place for insects in front 
of the triangular entrance, situated half-way up the 
almost tubular flower. After a short time, as soon as 
the flower is fully fertilised, the small distal portion 
of the labellum rises up, shuts the triangular door, and 
again perfectly encloses the organs of fructification. 

Although 1 have often searched fornectar within the 
cup ol the labellum, I have never found even a trace. 
The terminal portion of the labellum is frosted with 
globular papillae of an orange colour, and within the 
cup there are several transversely wrinkled, longi* 
tudinal ridges of a darker orange tint. These ridges 
are often gnawed by some animal, and I have found 
minute, bitten-ofl fragments lying w'ithin the base of the 
cup. III the summer of 1862 the flowers were visited 
less frequently by insects than is usual, as shown by 
the unbroken state of the pollen-masses ; nevertheless, 
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out of seventeen flowers which were examined one day, 
five had their ridges gna^ved, and on tlie next day! 
seven out oi nine other flowers were in tliis state. As 
there was no appearance of slime, I do not believe 
that they had been attacked by slugs; but whether 
they had been gnawed by Avinged insects, which alone 
would be efiectual for cross-fertilisation, I know not. 
The ridges had a taste like that of the labelium of 
certain A^andeje, in which tribe (as we shall hereafter 
see) this part of the flower is often gnaAved by insects. 
Cephalanthera is the only British Orchid, as far as I 
have observed, which attracts insects, by thus oflering 
to them solid food. 

The early penetration of the stigma by a multitude 
of pollen-tubes, which were traced far down the stigmatic 
tissue, apparently gives us another case, like that°of the 
Bee Ophrys, of perpetual self- fertilisation. I was much 
surprised at this fact, and asked myself ; Why does the 
distal portion of the labelium open for a sbort period ? 
AA’hat is the use of the great mass of pollen above ami 
below that layer of grains, the tubes of Avhich alone 
penetrate, the upper edge of the stigma ? The stigma 
has a large flat viscid surface ; and during "several years 
I have almost invariably found masses of pollen adher- 
ing to its surface, and the friable pillars by some means 
broken down. It occurred to me that, although the 
flowers stand upright, and tho pillars are Avell pro- 
tected from the wind, yet that the pollen-masses might 
ultimately topple over from their OAvn weight, and so 
tall on the stigma, thus completing the act of self-fer- 
tilisation. Accordingly, I covered with a net a plant 
having four buds, and examined the flowers as soon as 
they had withered ; tho broad stigmas of three of them 
were perfectly free from pollen, but a little had flillen 
on one corner of the fourth. With the exception of 
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the summit of one pillar in this latter flower, all the 
other pillars still stood upright and mibroken, I looked 
at tho flo’wers of some surrounding plants j and every- 
where found, as I had so often done betorOj broken-down 
pillars and masses of pollen on the stigmas* 

From the usual state of the pillars of pollen, as 
^vell as from the gnawed condition of the, ridges on the 
labelluiUj it may be safely inferred that insects of some 
kind visit the flow^crs, disturb the pollen, and leave 
masses of it on the stigmas. We thus see that the 
turning down of the distal portion of the labellum, by 
which a temporary landing-place and an open door are 
afiTorded,— the upturned labellum, by which the flower 
is made tubular so that insects are compelled to crawl 
close by the stiginatie surface, — the pollen readUy 
cohering to any object, and standing in friable pillars 
protected from the w ind, — and, lastly, the large masses 
of pollen above and below that layer of grains, the 
tubes of w^hich alone penetrate the edge of the stigma, — 
are all co-ordinated structures, far from useless ; and 
they ^vould be quite useless if these flowers w'ere always 
self-fertilised. 

To ascertain how far the early penetration of the 
upper edge of the stigma by tho tubes of those grains 
which rest on it, is effectual for fertilisation, I covered 
up a plant, just before the flowers opened, and removed 
the thin net as soon as they had begun to wither. From 
long experience I am sure that this temporary cover- 
ing could not have injured their fertility. The four 
covered flowers produced seed-capsules as flue in ap- 
pearance as those on any of the surrounding plants. 

hen ripe, I gathered them, and likewise capsules 
from several of the surrounding plants, growing under 
similar conditions, and weighed the seed in a chemical 
halaucc. Ihe seeds from the four capsules on tho 
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uncovered plants weighed 1*5 grain; whilst those 
from an equal number of capsules on tlie covered plant 
weighed under 1 grain ; but this does not give a fair 
idea of the relative difference of their fertilitv, for I 
observed that a great number of the seeds from the 
covered plant consisted of minute and shrivelled husks. 
Accordingly I mixed the seeds well together, ami took 
four little lots from one heap and four little lots from 
the other heap, and, having soaked them in w'ater, com- 
pared them under the microscope : out of forty seeds 
from the uncovered plants there were only four bad 
ones, whereas out of forty seeds from the covered-uji 
plants there were at least twenty-seven bad ; so that 
there were nearly seven times as many bad seeds from 
the covered plants, as from those left free to the access 
of insects. 

e may therefore conclude that this orchid is 
constantly self-fertilised, although in a very imperfect 
manner ; but this would bo highly useful to the plant, 
if insects failed to visit the flowers. The penetra- 
tion of the pollen-tubes, however, is apparently even 
more serviceable by retaining the pillars of pollen in 
their proper places, so that insects, in crawling into the 
flowers, may get dusted with pollen. Self-fertilisation 
also may, perhaps, be aided by insects, carrying pollen 
from the same flower on to the stigma ; but an insect 
thus smeared with pollen could hardly fail likewise to 
cross the flowers on other plants. From the relative 
position of the parts, it seems indeed probable (but I 
omitted to prove this by the early removal of the 
anthers, so as to observe ^v'hether pollen was brought 
to the stigma from other flowers) that an insect uould 
more frequently get dusted by crawling out of a flower 
than by crawling into one ; and this would of course 
tacilitate a cross between distinct individuals. Hence 
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Cephaknthera offers only a partial exception to the 
rule that the flowers of Orchids are generally fertilised 
by pollen from another plant. 

Ce;phalanthera ensifolia . — According to Delpino,*the 
flowers of this species are visited hy insects, as shown 
by the removal of the pollen-masses, lie believes that 
this is effected hy their bodies being first rendered sticky 
by means of the stigmatic secretion. It is not clear 
wnether the flowers also fertilise themselves. Each 
pollen-mass is divided into tw o, instead of being merely 
sub-divided, so that there are four distinct pollen-masses. 

Pogonia ophioglos&oides . — The flowers of this plant, 
an inhabitant of the United States, resemble, as 
described by Mr. Scudder, t those of Cephalanthera in 
not having a rostellum, and in the pollen-masses not 
being furnished w ith caudicles. The pollen consists of 
powdery grains not united by threads. Self-fertilisation 
seems to be effectually prevented \ and the flowers on 
distinct plants must intercross, for each plant generally 
bears only a single flower. 

Pt&ro&tyh^ truUifoUa and Imgifolia , — I may here 
briefly mention some Orchids, inhabitants of Australia 
aud New Zealand, which are included by Lindley in 
the same family of the Arethusete with Cephalanthera 
and Pogonia, and are remarkable from their labella 
being extremely sensitive or irritable. Two of the 
petals and one of the sepals form a hood w'hich encloses 
the column, as may be seen at A in the accompanying 
figure of Ftero&fylk hngifoUa. 

The distal portion of the labelluin affords a landing- 
place for insects, in nearly the same manner as with 
Cephalanthera \ but w'hen this organ is touched it 
rapidly springs up, carrying with it the touching insect, 
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which is thus temporarily imprisoned within the other- 
wise almost completely closed flower. The labellnm 

Fig. 14. 




PteROSTTUS UlNGlFOLlA. (Copied I'rom Mr. R. D. Fitzgerald’s ‘ Australian 

Orchitis.’) 



A. Flower in its natural state: the 

outline of the column is dimly 
seen within. 

B. Flower with the near lateral 

petal removed^ showing the 



column with its two shields^ 
and the labellum in the position 
which it occupies after having 
been touched. 



remains shut from half an hour to one hour and a 
half, and on reopening is again sensitive to a touch. 
Two membranous shields project on each side of the 
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upper part of the column, with their edges meeting 
in front, as may be seen in fig- B, In this drawing 
the petal on the neiir side has been cut away, and 
the labellvini is represented in the position which it 
assumes after having been touched. As soon as the 
labellnm has thus risen, an imprisoned insect cannot 
escape except by craw'ling through the narrow passage 
formed by the two projecting shields. In thus escaping 
it can hardly fail to remove the pollinia, as, before 
coming into contact with them, its body will have been 
smeared with the viscid matter of the rostellum. On 
being iniprisoned in another flow'er,and on again escap- 
ing by the same passage, it will almost certainly leave 
at least one of the four pollen-masses on the adhesive 
stigma, and thus fertilise the flow^er* 

All that I have hero said is taken from the admir- 
able description given by Jlr. Cheeseman * of Pierosiylu 
irullifdia ; but I have copied the figure of P. longifolm 
from Mr. Fitzgerald^s great work on the Australian 
Orchids, as it shows plainly the relation of all the parts* 

Mr* Cheeseman placed insects within several flowers 
of P. trullifolia^ and saw' them afterwards crawl out, 
generally with pollinia attached to their backs. He 
also proved the importance of the irritable labellum 
by removing it from twelve flow ere w'hilst young, aud 
in this case insects which entered the flowers would not 
have been compelled to crawl out through the passage ; 
and not one of these flowers produced a capsule* The 
flowers seem to be frequented exclusively by Biptera; 
but what attraction they present is not known, us they 
do not secrete nectar. Mr* Cheeseman believes that 
hardly a quarter of the flowers produce capsules j not' 
withstanding that on one occasion he examined 110 

* ‘Trnnsiet Ntjw ^^lana InatiUite/ vol. t* 1S73. p. 352? aud Tol. 
\ii. j>. 351. ' ^ 
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flowers in a withered condition, and seTenty-one of these 
had pollen on their stigmas, and only twenty-eight had 
all four pollinia still within their anthers. All the 
New Zealand species bear solitary flowers, so that dis- 
tinct plants cannot fail to be intercrossed. I may add 
that Mr. Fitzgerald also placed a small beetle on the 
labellum of P. longifolia, which w'as instantly carried 
into the flower and imprisoned ; afterwards he saw 
it crawl out with two pollinia attached to its back. 
Nevertheless he doubts, from reasons Avhich seem to 
me quite insufifleient, whether the sensitiveness of tlie 
labellum is not as great a disadvantage as an advan- 
tage to the plant. 

Mr. Fitzgerald has described another Orchid belong- 
ing to the same suh-tribe, Caladenia dimorplia, which 
has an irritable labellum. He kept a plant in bis room, 
and says : “ A house-fly lighting on the lip was carried 
hy its sjn’ing against the column, and becoming en- 
tangled in the gluten of the stigma, and struggling to 
escape, removed the pollen from the anther and smeared 
it on the stigma.” He adds, “ Without some such aid 
the species of this genus never produce seed.” But 
from the analogy of other Orchids we may feel sure 
that insects usually behave very differently from the 
fly which he saw caught on the stigma, and no doubt 
they carry the pollen-masses from plant to plant.' The 
labellum of another Australian genus, Calajna, one of 
the Arethuseaa, is said by Hr. Hooker * to be imtable ; 
80 that when touched by an insect it shuts up suddenly 
against the column, and temporarily encloses its prey 
as it were within a bos. The labellum is covered by 
curious papillte, which, as far as Mr. Fitzgerald has 
seen, are not gnawed by insects. 
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Sir, Fitzperalcl describes find figures several other 
genera, and states with respect to Aeianthus fornicaiua 
and exsertm that neither species produce seeds if 
protected from insects, but are easily fertilised by 
pollen placed on their stigmas. Mr. Cheeseman * has 
nitiiessed the fertilisation of Acianthu$ sinclairii in 
New Zealand, the flowers of which are incessantly 
visited by Di])tera, without whose aid the pollinia are 
never removed. Out of eighty-seven flowers borne 
by fourteen plants, no less than seventy-one matured 
capsules. This plant according to the same observer 
exhibits one remarkable peculiarity, namely, that the 
p<dlen-masses are attached to the rostcdlum by means 
of the exserted pollen-tubes, which serve as a caudicle ; 
find the pollen-masses are thus removed together with 
the rostellum, which is viscid, when the flowers are 
visited by insects. The flowers of the allied Cyrto- 
stylis are also much frequented by insects, but the 
pollinia arc not so regularly removed as those of the 
Aeianthus ; and with Corysanthes, only five out of 200 
flowers produced capsules. 

The Vanillidm according to Liudley form a sub- 
tribe of the Arethusete. The large tubular flowers of 
Vanilla aromatica are manifestly adapted to be ferti- 
lised by insects ; and it is known that when this plant 
is cnltivatefl in foreign countries, for instance in Bour- 
bon, Tahiti, and the East Indies, it fails to produce 
its aromatic pods unless artificially fertilised. This 
fact shows that some insect in its American home is 
specially adapted for the work ; and that tho insects 
of the above-named tropical regions, w here the Vanilla 
flourishes, cither do not visit the flowers, though they 
secrete an abundance of nectar, or do not visit them 
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in the proper manner.* I will meritiou only two pecu- 
liarities in the structure of the flowers: the anterior 
part of the pollen-masses is semi-waxy and the posterior 
part somewhat friable; the grains are not cemented 
together into compound grains, and the single grains 
are not united by fine elastic threads but by viscid 
matter; this matter would aid in causing the pollen 
to adhere to an insect, but I should have thought that 
sucli aid was superfluous, as the viscid rostellum is 
well developed. The other peculiarity is that the 
labellum, in front of the stigma, and some way beneath 
it, is furnished with a stiff hinged brush, formed of a 
series of combs one over the other, which point down- 
wards. This structure would allow an insect to crawl 
easily into a flower, but would compel it whilst re- 
treating to press close against the column ; and in 
doing so it would remove the pollen-masses, leaving 
them on the stigma of the next flower which was 
visited. 

The genus Sobralia is allied to Vanilla, and Mr. 
Cavendish Browoie informs me that ho saw a large 
humble-bee enter a flower of S. macrantha in his 
hothouse, and when it crawled out it had the two 
large pollen-masses firmly fixed to its back, nearer to 
the tail than to the head. The bee then looked about, 
and seeing no other flower re-entered the same one of 



* For Bourbon soo Soc. 

Bot. de France/ tom. i. 1854, p. 
290, For Taliiti boo H. A. Tilley, 
‘Japan, the Amour, &c./ 1861, p* 
375, For the East Indies see 
Morren in ‘Annals and Mag* of 
Nat. J lint/ 1839, vol. hi* p* 6* I 
may give an analo^oua hut moro 
striking ca&e from Mr, Fitzgerald, 
who Bays “that Sarcochilus par- 
viflorus (one of the Vandei©) pro^ 
dncea capsules not unfrequently 



in the Blue Mountains of New 
Sonth Woles ; removed fmm 
thence to Sydney, a number of 
plants, though dowering well* have 
not borne any seed if left to thorn- 
selves^ though invariably fertile 
when the pollen-masses were re- 
moved and placed on the atigma/* 
Yet the Blue Mountains arc kss 
than one hundred miles distant 
from Sydney. 
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the Sobralia, but quickly retreated, leaving the pollen- 
masses on the stigma, with the viscid discs alone 
adhering to its back. The nectar of this Ouatemala 
Orchid seemed too powerful for our British bee, for it 
stretched out its legs and lay for a time as if dead on 
the labellum, but afterwards recovered. 
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CHAPTEE IV. 

NEOTTE.E. 

Epipactiij palustris; carious shape of the labelluin and its importance 
ill the fructification of tho flower — Other species of Epipactisj — 
Epipq^ium — Goodyera repens — Spirant bes autumnalis; perfect 
adaptation by which the pollen of a younger flower fa carried to the 
stigma of an older flower on another plant — Listera ovata; sensi- 
tiveness of the rostellum; explosion of viscid matter; action of 
insects; perfect adaptation of the several organs— Listera cordata — 
Keottia nidus-avia ; its fertilisation effected in the same manner as 
in Listera — Thelymitra, self* fertile, 

W^E have now arrived at a third tribe, the Neottefe of 
Lindley, which includes several British genera. These 
in'esent many interesting points with respect to their 
structure and manner of fertilisation. 

The Neottese have a free anther standing behind the 
stigma. Their pollen-grains are tied together by fine 
elastic threads, which partially cohere and project at 
the upper end of the pollen-mass, being there attached 
(with some exceptions) to the back of the rostellum. 
Consequently the pollen-masses have no true and dis- 
tinct caudicles. In one genus alone (Goodyera) the 
pollen-grains are collected into packets as in Orchis. 
Ejiipactis and Goodyera agree pretty closely in their 
manner of fertilisation with the Ophreac, but are more 
simply organised. Spiranthes comes under the same 
category, but has been diflferently modified in some 
respects. 

Epipacth The lower part of the large 



* T am mucli indchied lo Mr* ing me froaii specimens of tbij* 
A. G More, of Bembrklgo* iu the beautiful Orchis* 

Isle of jght, for repeatedly send- 
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Epipactis palustris. 



a. anther^ with tho two open cells 
seen in the front view D, 
a\ TudimentAry anther^ or auricle, 
referred to in a future chapter! 
rostellum. 
stigma. 

A. Side view of flower, with the 

lower sepals removed, in its 
natural position. 

B. Side view of flower, with the 

distal portion of the labellum 
depressed, as if by the weight 
of an insect. 

C. Side view of flower, somewhat 



enlarged, wdth all the sepals 
and pet-;ila removed, excepting 
the labellum, of which the 
nearside has been cut away; 
the massive anther is aeen to 
be of large size. 

B, Front view of column, somewhat 
enlarged, wdth all the sepalf 
and petals removed: the ros- 
tellum has sunk down a little 
in the specimen figured, and 
ought to have stood higher, 
so as to hide more of the 
anther-celU. 
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Stigma is bilobed and projects in front of the column 
(see s in the side and front views, C, D, fig. 15). On 
its square summit a single, nearly globular rostellum 
is seated. The anterior face of tlie rostellum (r, C, 1>) 
projects a little beyond the surface of the upper part of 
the stigma, and this is of importance. In the early bud 
tlie rostellum consists of a friable mass of cells, with the 
exterior surface rough : these superficial cells undergo 
a great change during development, and become con- 
verted into a soft, smooth, highly elastic membrane or 
tissue, so excessively tender that it can be penetrated 
by a human hair; ivhen thus penetrated, or when 
slightly rubbed, the surface becomes milky and in some 
degree viscid, so that the pollen-grains adhere to it. 
In some cases, though I observed this more plainly in 
Epipaciis latifoUa, the surface of the rostellum appa- 
rently becomes milky and viscid without having been 
touched. This exterior soft elastic membrane forms 
a cap to the rostellum, and is internally lined with a 
layer of much more adhesive matter, which, when ex- 
posed to the air, dries in from five to ten minutes. 
By a slight upward and backward push with any object, 
the whole cap, with its viscid lining, is removed wdth 
the greatest ease ; a minute square stump, the basis 
of the rostellum, being alone left on the summit of the 
stigma. 

In the bud-state the anther stands quite free behind 
the rostellum and stigma; it opens longitudinally 
whilst the flow^er is still uuexpanded, and exposes the 
two oval pollen-masses, which now lie loose in their 
cells. The pollen consists of spherical granules, co- 
hering in fours, hut not affecting each other’s shapes : 
and these compound grains are tied together by fine 
elastic threads. The threads are collected into bundles 
extending longitudinally along the middle liue of the 
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frout of each polliiiiinn, where it comes into coatact 
with the back of the uppermost part of the rostellum. 
From the number of these threads this middle line 
looks brown, and each pollen-mass here shows a 
tendency to divide longitudinally into halves. In all 
these respects there is a close general resemblance to 
the pollinia of the Ophreac. 

The line where the parallel threads are the most 
numerous is the line of greatest strength ; elsewhere 
the pollen-masses are extremely friable, so that large 
portions can easily be broken off. In the bud-state 
the rostellum is curved a little backwards, and is 
pressed against the recently-opened anther ; and the 
above-mentioned slightly projecting bundles of threads 
become firmly attached to the posterior fiap of the 
membranous cap of the rostellum. The point of attach- 
ment lies a little beneath the summit of the pollen- 
masses ; hut the exact point is somewhat variable, for 
I have met with specimens in which the attachment 
was one-fifth of the length of the pollen-masses from 
their summits. This variability is so far interesting, 
as it is a step leading to the structure of the Ophrese, 
in which the confluent threads, or candioles, always 
spring from the lower ends of the pollen-masses. After 
the pollinia are firmly attached by their threads to 
the back of the rostellum, the rostellum bends a little 
forwards, and this partly draws the pollinia out of the 
anther-cells. The upper end of the anther consists of a 
blunt, solid point, not including pollen ; this blunt point 
projects slightly beyond the face of the rostellum, 
which circumstance, as we shall see, is important. 

The flowers stand out (fig. A) almost hoiiozontally 
from the stem. The labellum is curiously shaped, as 
may be seen in the drawings : the distal half, which 
projects beyond the other petals and forms an excellent 
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landing-place for insects, is joined to the basal half by 
a narrow hinge, and naturally (fig. A) is turned a little 
upwards, so that its edge? pass within the edges of the 
basal portion. So flexible and elastic is the hinge that 
the weight of even a fly, as Jlr. More informs me, 
depresses the distal portion ; it is represented in fig. B 
in this state ; but when the weight is removed it 
instantly springs up to its former position (fig. A), and 
with its curious medial ridges partly closes the entrance 
into the flower. The basal portion of the labellum forms 
a cup, which at the proper time is filled with nectar. 

Kow let us see how all the parts, which I have been 
obliged to describe in detail, act. When I first ex- 
amined these flowers I was much perplexed : trying in 
the same manner as I should have done with a true 
Orchis, I slightly pushed the protuberant rostellnm 
downwards, and it was easily ruptured ; some of the 
viscid. matter was withdrawn, but the pollinia remained 
in their cells. Reflecting on the structure of the 
flower, it occurred to me that an insect in entering one 
in order to such the nectar, would depress the distal 
portion of the labellum, and consequently would not 
touch the rostellum ; hut that, when within the flower, 
it would be almost compelled, from the springing up 
of this distal half of the labellum, to rise a little up- 
wards and back out parallel to the stigma. I then 
brushed the rostellum lightly upwards and backwards 
with the end of a feather and other such objects ; and 
it was pretty to see how easily the membranous caj) 
of the rostellum came ofif, and how well liom its elas- 
ticity it fitted any object, whatever its shape might be, 
and how firmly it clung to the object owing to the 
viscidity of its under surface. Large masses of pollen, 
adhering by the elastic threads to the cap of the ros- 
tellum were at the same time withdrawn. 
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Nevertheless the pollen-masses were not removed 
nearly so cleanly as those which had been naturally 
removed by insects. I tried dozens of flowers^ always 
with the same imperfect result. It then occurred to 
me, that an insect in backing out of the liower would 
naturally push with some part of its body against the 
blunt and projecting upper end of the anther, which 
overhangs the stigmatic surface. Accordingly I so 
held a brush that, whilst hrushiug upwards against the 
rostellumj I pushed against the blunt solid end of the 
anther (see fig. C) ; this at once eased the pollinia, and 
they w'cre withdrawn in an entire state. At last I 
understood the mechanism of the flow'er. 

The large anther stands above and behind the 
stigma, forming an angle with it (fig. C), so that the 
pollinia when withdrawn by an insect would adhere 
to its head or body in a position fitted to strike the 
sloping stigmatic surface as soon as another flower 
w'as visited. Hence w'e have not here, or in any of 
the Neottem, that movement of depression so coiiiinon 
with the pollinia of the Ophreae. When an insect 
with the pollinia attached to its back or head enters 
another flow^er, the easy depression of the distal poilion 
of the labellum probably plays an important part ; for 
the pollen-masses are extremely friable, and if they 
were struck against the tips of the petals much of the 
pollen would be lost ; but as it is, an open gangway 
is offered, and the viscid stigma, with its lower pro- 
tuberant part lying in front, is the first object against 
which^ the pollen-masses projecting forwards from the 
insect^s head or back would naturally strike. I may 
add that in one large lot of flower-spikes, a great 

majority of the pollinia had been natura]ly and 
cleanly removed. 

In order to ascertain w hetber I was right in believing 
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tJiat the distal hinged portion of the labellum was of 
importance in the fertilisation of the flowers, I asked 
Mr. More to remove this part from some young flowers, 
and to mark them. He tried the experiment on eleven 
flowers, three of which did not produce seed-capsules; 
but this may have been accidental. Of the eight 
capsules which were produced, two contained about as 
many seeds as those from unmutilated flowers on the 
same plant; but six capsules contained much fewer 
seeds. Most of the seeds were w-ell-formed. These 
experiments, as far as they go, support the view that 
the distal part of the labellum is of importance in 
causing insects to enter and leave the flowers in the 
best manner for their fertilisation. 

Since the appearance of the first edition of this book, 
my son William has observed for me this Epipactis in 
the Isle of W ight. Hive-bees seem to be the chief 
agents in fertilisation ; for he saw them visit about a 
score of flowers, and many had pollen-masses attached 
to their foreheads, just above the mandibles. I had 
supposed that insects always crawled into the flowers ; 
but hive-bees are too large to do this ; they always 
clung, whilst sucking the nectar, to the distal and 
hinged half of tho labellum, which was thus pressed 
downwards. Owing to this part being elastic and 
tending to spring up, the bees, as they left the flowers, 
seemed to fly rather upwards; and this favoured, in 
the manner previously explained, the complete with- 
drawal of the pollen-masses, quite as well as if the 
insects had crawled, in an upward direction, out of 
the flower. Perhaps the upward movement may not 
he so necessary in all cases as 1 had supposed ; for, 
judging from the manner in which the pollen-masses 
were attached to the hive-bees, the back part of their 
heads could hardly fail to press against and lift up tho 
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blunt, solid, upper end of the anther, thus freeing the 
pollen-masses. Various other insects besides hive-bees 
visit the flowers. My son saw several large flies (Sar- 
copluiffa carnosa) haunting them; but they did not 
enter in so neat and regular a manner as the hive-bees ; 
nevertheless two had pollen-masses attached to their 
foreheads. Several smaller flies {Coslopa/riffida) were 
also seen entering and leaving the flowers, with pollen- 
masses adhering rather irregularly to the dorsal surface 
of the thorax* Three or four distinct kinds of Hymen- 
optera (one of small size being Crabro brevis) likewise 
visited the flowers ; and three of these Hymenoptera 
had pollen-masses attached to their backs* Other still 
more minute Dipt era, Coleoptera, and ants were seen 
sucking the nectar ; but these insects appeared to be 
too small to transport the pollen-masses. It is re- 
markable that some of the foregoing insects should 
visit the flowers ; for Mr. F, Walker informs me that 
the Sarcophaga frequents decaying animal matter, and 
the Coelopa haunts seaweed, occasionally settling on 
flo^vers. The Crabro also, as I hear from Mr. F. Smith, 
collects small beetles (Halticoc) for provisioning its 
nest. It is equally remarkable, seeing how many 
kinds of insects visit this Fpipactis, that although my 
son watched hundreds of plants for some hours on three 
occasions, not a single humble-bee alighted on a flower, 
though many were flying about. 

Epipaetis latifolia, — This species agrees with the 
last in most respects. The rostellum, however, projects 
considerably further beyond the face of the stigma, 
and the blunt upper end of the anther less so. The 
viscid matter liniug the elastic cap of the rostellum 
takes a longer time to get dry. The upper petals and 
sepals arc more widely expanded than in FT pahstris : 
the distal portion of the labelluiu is smaller, and is 
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firmly united to the basal portion (fi{^. 16 ), so that it 
is not flexible and elastic ; it apparently serves only as 
a landing-place for insects. The fertilisation of this 
species depends simply on an insect striking in an 
upward and backward direction the highly-protuberant 
rostellum, w'hich it would be apt to do when retreating 
from the flower after having sucked the copious nectar 



in the cup of the labellum. Apparently it is not at 
all necessary that the insect should push upwards the 
blunt upper end of the anther ; at least I found that 
the pollinia could be removed easily by simply drag- 
ging off the cap of the rostellum in an upward or 
hackwanl direction. 

As some plants grew close to my house, I have been 
able to observe hero and elsewhere their manner of 
fertilisation during several years. Although hive-bees 
and humble-bees of many kinds were constantly flying 
over the plants, I never saw a bee or any Dipterous 
insect visit the flowers ; but in Germany Sprengel 
caught a fly with the pollinia of this plant attached 
to its back. On the other hand I have repeatedly 





a, anthf^r, 
r, rostellum* 



s* stigma, 

i, labellum. 
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observed the common wasp ( Vespa sylve^ris) enebing 
the iiectur ont of the open cup-shaped labollum. I 
thus saw the act of fertilisation effected by tho pollen- 
masses being removed by the wasps, and afterwards 
carried attached to their foreheads to other flowers. 



Mr. Oxenden also informs me that a large bed of 
E. purjmrata (which is considered by some botanists to 
be a distinct species, and by others a variety) was fre- 
quented by “ swarms of wasps.” It is very remarkable 
that the sweet nectar of this Epipaetis should not be 
attractive to any kind of bee. If wasps were to become 
extinct in any district, so probably would the Epipaetis 
latifdia. 

To show how effectually the flowers are fertilised, I 
may add that during the wet and cold season of 1860 a 
I'riend in Sussex examined five spikes bearing eighty-fivo 
expanded flowers ; of these, fifty-three had the pollinia 
removed, and thirty-two had them in place: bnt as 
many of the latter were immediately beneath the buds, 
a larger number would almost certainly have been 
afterwards removed. In Devonshire I found a spike 
with nine open flowers, and the pollinia in all were re- 
moved with one exception, and in this case a fly, too 
small to remove the pollinia, had become glued to the 
rostellnm, and had there miserably perished. 

Dr. II. Muller has published * some interesting 
observations on the difference in strncturo and manner 
of fertilisation, as well as on the intermediate forms 
between Epipaetis rvhtginosa, microphylla, and mridi- 
flora. The latter species is remarkable for the absence 
of a rostellnm, and for being regularly self-fertilised 
Self-fertilisation here follows from the incoherent 
pollen-grains in the lower part of the pollen-masses 
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emitting, whilst still within the anther-cells, their 
tubes, wiiich penetrate the stigma ; and this occurs even 
in the bud. This species, however, is probably visited 
by insects, and occasionally crossed ; for the labfellum 
(iontains nectar. E. mierophyUa is intermediate in 
structure between E. latifoUa, which is always fertilised 
by the aid of insects, and E. viridijlora, which does not 
necessarily require any such aid. The whole ef this 
memoir by Dr. H. Muller deserves to be attentively 
studied. 

Epipogium gmelini , — This plant, which has only 
once been found in Great Britain, has been fully de- 
scribed by Dr. Bohrbach in a special memoir. * The 
structure and manner of fertilisation is in many re- 
spects like that of Epipactis, to which genus the author 
believes the present one to be allied, though placed by 
Bindley amongst the Arethusem. Bohrbach saw the 
flowers visited by Bondms lucorum, but it appears that 
only a few produce capsules. 

Goodyera repens A — This genus is rather closely re- 
lated to Epipactis, in most of the characters with 
which we are concerned. The shield-like rostellum is 
almost square, and projects beyond the stigma ; it is 
supported on each side by sloping sides rising from 
the upper edge of the stigma, in nearly the same 
manner as we shall presently see in Spiranthes. The 
surface of the protuberant part of the rostellum is rough, 
and when dry can be seen to be formed of cells ; it is 
delicate, and, when slightly pricked, a little milky 
viscid fluid exudes ; it is lined by a layer of very 
adhesive matter, which quickly sets hard when exposed 



• ‘ Uebcr den Bliithenbeu von f Specimens of this rere High- 
Epij>0gium,’ &c. 186C: see also Intiil Orchid were kindty sent uie 

iraiiacli^ ‘Beitiu^c zur iiiologio by tho lie v, G. Gordon of Elgin, 

dcr Orcbideen,* 1853» jb 5i>. 
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to the air. The protuberant surface of the rostellum 
when gently rubbed upwards, is easily removed, and 
carries with it a strip of membrane, to the hinder part 
of which the pollinia are attached. The sloping sides 
which support the rostellum are not removed at the 
same time, but remain projecting up like a fork and 
soon wither. The anther is borne on a broad elon* 
gated filament ; and a membrane on both sides unites 
this filament to the edges of the stigma, forming an 
imperfect cup or clinandrum. The anther-cells open 
in the bud, and the pollen-masses become attached 
by their anterior faces, just beneath their summits, 
to the back of the rostellum. Ultimately the anther 
opens widely, leaving tlie pollinia almost naked, but 
partially protected within the membranous cup or 
clinandrum. Each polliniuni is partially divided 
lengthways ; the pollen-grains cohere in suhtriangular 
packets, including a multitude of compound grains, each 
consisting of four grains ; and these packets are tied 
together by strong elastic threads, which at their upper 
ends run together and form a singlo flattened brown 
elastic ribbon, of which the truncated extremity adheres 
to the back of the rostellum. 

The surface of the orbicular stigma is remarkably 
viscid, which is necessary in order that the unusually 
strong threads connecting the packets of pollen should 
be ruptured. Ihe labellum is partially divided into 
two portions; the terminal portion is reflexed, and 
the basiil portion is cup-formed and filled with nectar. 
The passage between the rostellum and labellum is 
conti acted whilst the flower is young ; but when mature 
t le column moves further back from the labellum, so 
as to allow of insects witli the i^ollinia adhering to 
t leir proboscides, to enter the flow’ers more freelv. In 
many of the specimens received, the pollinia had been 
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removed, and tlie fork-shaped supporting sides of the 
rostellum w ere partially withered, Mr. It. B. Thomson 
informs me that in the north of Scotland he saw many 
humble-bees (Bombits p^atorum) visiting the flowers 
with pollen-masses attached to their proboscides. 
This species grows also in the United States; and 
Professor Asa G-ray* confirms my account of its 
structure and manner of fertilisation, which is likewise 
applicable to another and very distinct species, namely, 
Goodyera puhescem. 

Goodyera is an interesting connecting link between 
several very distinct forms. In no other member of 
the Keotteffi observed by me is there so near an ap- 
proach to the formation of a true eaudiele ; t and it is 
curious that in this genus alone the pollen-grains 
cohere in large packets, as in the Ophrern. If the 
nascent caudicles had been attached to the lower ends 
of the pollinia, and they are attached a little beneath 
their summits, the pollinia would have been almost 
identical with those of a true Orchis. In the rostellum 
being supported by sloping sides, which wither when 
the viscid disc is removed, — in the existence of a 
membranous cup or clinandrum between the stigma 

* ‘Amer, Journal of Science, bundle of elastic threads, with 

vol. ixxiv. 1862, p. 427. I for- very small anil thin packets of 

merly thought that with this plant pollen-gramfl attach^ed to the m 

aud Spiranthea, it was the label- and arranged like tiles one over 

lunj wfiich moved from the oolumn the otlier. The two CiUidlcles are 

to allow of the more free entrance united together near their bases, 

of insects ; but Pjofessor Gray is where they are attached to a disc 

convinced that it is the column of Jnembraue lined with viscid 

which moves. matter. From the siuall size and 

t In a foreign species, Gooefyem extreme Ihinness uf the biisal 

sent me by Mr, Bateman, packets of pollen, and from the 

the pollitiia appioacli in structure strength of their attachmeTit to 

still more closely tliotso of tho the threads, I believe that they 

Ophreas; for the polliuiii extend are in a fu net lonleas condition ; 
iuto long caudicles, resembling in if so, these prolongations of the 
form those of an Orehis. Tlie polliiiia are true caudiules, 
caudlcle is here formed of a 
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and antherj— and in some other respects^ we have a 
clear affinity with Spiranthes* In the anther having 
a broad filament we see a relation to Cephalanthera. 
In the structure of the rostellmn, with the exception 
of the sloping sides, and in the shape of the labellum, 
Goodyera resembles Epipaetis, Goodyera probably 
shows us the state of the organs in a group of Orchids, 
now^ mostly extinct, but the parents of many living 
descendants, 

Spiranthes autumnalis . — This Orchid with its pretty 
name of Ladies’-tresses, presents some interesting 
peculiarities,* The rostellum is a long, thin, flat pro- 
jection, joined by sloping shoulders to the summit of 
the stigma. In the middle of the rostellum a narrow 
vertical brown object (fig, 17, C) may be seen, bordered 
and covered by transparent membrane. This brown 
object I will call “the boat-formed disc,” It forms 
the middle portion of the posterior surface of the 
rostellum, and consists of a narrow strip of the exterior 
membrane in a modified condition. When removed 
from its attachment, its summit (fig. E) is seen to be 
pointed, with the lower end rounded \ it is slightly 
bowed, 80 as altogether to resemble a boat or canoe* 
It is rather more than of an inch in length, 
and less than -yI-q in breadth. It is nearly rigid, and 
appears fibrous, but is really formed of elongated 
and thickened cells, partially confluent. 

This boat, standing vertically up on its stem, is filled 
with thick, milky, extremely adhesive fluid, which, 
when exposed to the air, rapidly turns brown, and in 
about one minute sets quite hard. An object is well 
glued to the boat in four or five seconds, and W'hcn the 



* I am indebted to Dr* Battersby 
of Torquay, and to Mr* A. G* 
More of 13embridge* for a ending 



rao specimenB. I aubsequently 
examined many growing plauta, 
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cement is dry the attachment is wonderfully strong. 
The transparent sides of the rostellum consist of mem^ 
hrane, attached behind to the edges of the boat, and 
folded over in front, so as to form the anterior face 
of the rostellum. This folded membrane, therefore, 
corers, almost like a deck, the cargo of viscid matter 
within the boat. 

Fig. 17. 



A £ D 




SriHA>rnrEs autumxalis, or Ladtes’-Thesses. 



a. anther, 

J5- pollen -masses. 
t. threads of the pollen-m asses, 
cL margin of clinandrum, 
rostellum, 
s. stigma. 
n. nectar receptacle. 

A. Side view of flower in its natural 
position, with the two lower 
sepals alone removed. The 
l ibel lum can be recognised bv 
its fringed and reflexed lip. 

Side view enlarged of a mature 
flower, with all the sepals and 
petfils removed. The positions 
of the laLellum and of the 



upper sepal are shown hy tlio 
dotted lines, 

C, Front view of the stigma, and 

of the rostellum with its em- 
bedded, central, boat-formed 
disc, 

D, Front view of the stigma and of 

the rostellum after the disc has 
been removed. 

E, Disc, removed from the rostcl- 

lum, greatljf enlarged, viewed 
posteriorly, with the attached 
elastic threads of the pollen- 
masses; the pollen-grains have 
been removed from the threads. 



The anterior face of the rostellum is slightly furrowed 
in a longitudinal line over tho middle of the boat, and 
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is endowed with a remarkable kind of irritability 
for, if the furrow be touched very gently by a needle, 
or if a bristle be laid along the furrow, it instantly 
splits along its whole length, and a little milky 
adhesive fluid exudes* This action is not mechanical, 
or due to simple violence* The fissure runs up the 
w hole length of the rostellum, from the stigma beneath 
to the summit; at the summit the fissure bifurcates, 
and runs down the back of the rostellum on each side 
and round the stern of the boat-formed disc. Hence 
after this splitting action the boat-formed disc lies 
quite free, but embedded in a fork in the rostellum^ 
The act of splitting apparently never takes place 
spontaneously* I covered a plant with a net, and after 
five of the flowers had fully expanded they w^ere kept 
protected for a week ; I then examined their rostclla, 
and not one had split; 'whereas almost every flower 
on the surrounding and uncovered spikes, which w^ould 
almost certainly have been visited and touched by 
insects, bad their lostella fissured, though they had 
been open for only twenty-four hours. Exposure for 
two minutes to the vapour of a little chloroform causes 
the rostellum to split ; and this we shall hereafter see 
is likewise the case with some other Orchids. 

AVhena bristle is laid for two or three seconds in the 
furrow of the rostellum, and the membrane has con- 
sequently become fissured, the viscid matter within 
the boat-formed disc, which lies close to the surface 
and indeed slightly exudes, is almost sure to glue the 
disc longitudinally to the bristle, and both are with- 
drawn together* When the disc, with the polHnia 
attached to it, is withdrawn, the two sides of the ros- 
telliim (fig. D), which have been described by some 
botanists as tw'o distinct foliaeeons projections, are left 
sticking up like a fork. This is the common con- 
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dition of the flowers after they have been open for a 
day or two, and have been visited by insects. The 
fork soon withers. 

Whilst the flower is in bud, the back of the boat- 
formed disc is covered with a layer of large rounded 
cells, so that the disc does not strictly form the exterior 
surface of the back of the rostelluin. These cells 
contain slightly viscid matter : they remain unaltered 
(as may be seen at fig. E) towards the upper end of 
the disc, but at the point where the pollinia are at- 
tached they disappear. Therefore I at one time con- 
cluded that the viscid matter contained in these cells, 
when they burst, serve to fasten the threads of the 
pollinia to the disc ; but, as in several other genera, 
in which a similar attachment has to be effected, I 
could see no trace of such cells, this view may be 
erroneous. 

The stigma lies beneath the rostellum, and projects 
with a sloping surface, as may be seen at B in the 
side-view : its lower margin is rounded and fringed 
with hairs. On each side a membrane {d, B) extends 
from the edges of the stigma to the filament of the 
anther, thus forming a membranous cup or clinandrum, 
in which the lower ends of the pollen-masses lie safely 
protected. 

Each pollinium consists of two leaves of pollen, 
quite disconnected at their lower and upper ends, but 
united for about half their length in the middle by 
elastic threads. A very slight modification would 
convert the two pollinia into four distinct masses, as 
occurs in the genus Malaxis and in many ioreign 
Orchids. Each leaf consists of a double layer of 
pollen-grains, joined by fours together, and these 
united by elastic threads, which are more numerous 
along the edges of the leaves, and converge at the 
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summit of the polliniuni. The leaves are very brittle, 
andj when placed on the adhesive stigma, large pieces 
are easily broken off. 

Long before the flower expands, the anther-cells, 
which are pressed against the back of the rostellnm, 
open in their upper part, so that the included pollinia 
come into contact with the back of the boat-formed 
disc. The projecting threads then become firmly 
attached to rather above the middle part of the back 
of the disc. The anther-cells afterwards open lower 
down, and their membranous walls contract and be- 
come brown ; so that by the time the flower is fully 
expanded the upper part of the pollinia lie quite 
naked, with their bases resting in a little cup formed 
by the withered anther-cell, and laterally protected by 
the clinandrum. As the pollinia thus lie loose, they 
are easily removed. 

The tubular flo^vers are elegantly arranged in a 
spire round the spike, and project from it horizontally 
(fig. A), The labollum is channelled down the middle, 
and is furnished with a rcflexed and fringed lip, on 
Tvhich bees alight ; its basal internal angles are pro- 
duced into two globular processes, which secrete an 
abundance of nectar. The nectar is collected (n, fig, 
B) in a small receptacle in the low^er part of the 
labellnm. Owing to the protuberance of the inferior 
margin of the stigma and of the two lateral in flexed 
nectaries, the orifice into the nectar-receptade is 
much contracted. When the flower first opens the 
receptacle contains nectar, and at this period the 
front of the rostellum, which is slightly furrowed, 
les c ose to the channelled label him ; consequently 
a passage is left, but so narrow that only a fine bristle 
be passed down it. In a day or two the column 
moves a little farther from the labellnm, and a ^vider 
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passage is left for insects to deposit pollen on the 
stigmatic surface. On this slight movement of the 
column the fertilisation of the flower absolutely 
depends.* 

With most Orchids the flowers remain open for 
some time before they are visited by insects; but 
with Spiranthes I have generally found the boat- 
formed discs removed very soon after their expansion. 
For example, in the two last sjnkes which I happened 
to examine there were numerous buds on the summit 
of one, with only the seven lowest flow'ers expanded, 
of which six had their discs and pollinia removed; 
the other spike had eight expanded flowers, and the 
pollinia of all were removed. We have seen that when 
the flowers first open they would be attractive to 
insects, for the receptacle already contains nectar; 
and at this period the rostellum lies so close to the 
channelled labellum that a bee could not pass down 
its proboscis without touching the medial furrow of 
the rostellum. This I know to be the case by repeated 
trials with a bristle. 

. We thus see how beautifully everything is contrived 
that the pollinia should be withdrawn by insects visit- 
ing the flowers. They are already attached to the 
disc by their threads, and, from the early withering 
of the anther-cells, they hang loosely suspended but 
protected within the clinandrum. The touch of the 

* Professor Asa Gray was so of all the parts in Spiranthes. with 
kind as to examiDo fur me Spi- the exceptioo that it is the column 

rantked gracilis and cemtia in the and not tho iabelluro, aa I fonner- 
Uniteil States^ He found the \y thou^^ht, which moves as the 
same general structure a is in our flowers become mature. He adds 
S. autumnalii, and was struck that the widening of the 
with the mjrpuwmisa of tiiepatiauge which plays so important a part 
into the flower. He has mice in the fertilisation of the flower, 
eojiArtned (‘Amer, Joum. of “ts so striklug that we wonder 

Science/ voL xxxiv, p, 427) my how we overlooked it.” 

account of the structuroanduotion 



112 



NEOTTE^. 



Chap, IV* 



proboscis causes tlie rostelliim to split in front and 
behind, and frees the long, narrow, boat-formed disc, 
which is filled with extremely viscid matter, and is sure 
to adhere loiigitiidinally to the proboscis. When the 
bee flies away, so surely will it carry away the pollinia. 
As the pollinia are attached parallel to the disc, they 
adhere parallel to the proboscis. When the flower 
first opens and is best adapted for the removal of the 
pollinia, the labellum lies so close to the rostellnm, 
that the pollinia attached to the proboscis of an insect 
cannot possibly be forced into the passage so as te 
reach the stigma ; they would be either upturned or 
broken off : but we have seen that after two or three 
days the column becomes more reflexed and moves 
from the labellum, — a wider passage being thus left. 
"When I inserted the pollinia attached to a fine bristle 
into the nectar-receptacle of a flower in this condition 
(w, flg. B), it was pretty to see how surely the sheets 
of pollen w'ere left adhering to the viscid stigma. It 
may be observed in the diagram, B, that owing to the 
projectiou of the stigma, the orifice into the nectar- 
receptacle (ji) lies close to the lower side of the flower ; 
insects would therefore insert their proboscides along 
this lower side, and an open space above is thus left 
for the attached pollinia to be carried down to the 
stigma, without being brushed off. The stigma evi- 
dently projects so that the ends of the pollinia may 
strike against it. 

Hence, in Spiranthes, a recently expanded flower, 
which has its pollinia in the best' stale for removal, 
cannot be fertilised ; and mature flowers will be ferti- 
lised by pollen from younger flowers, borne, as we 
shall presently see, on a separate plant. In con- 
formity with this fact the stigmatic surfaces of the 
older flowers are far more viscid than those of the 
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younger flowers. Nevertheless, a flower which in its 



upwards, and would thus often strike the furrow in the 
rostellum. I imitated this action with a bristle, and 
often succeeded in withdrawing the pollinia from old 
flowers. I was led to make this trial from having at 
first chosen old flowers for examination ; and on passing 
a bristle, or fine culm of grass, straight down into 
the nectaiy, the pollinia were never withdrawn ; but 
l^hen it w'as bowed forward, I succeeded, Flowers 
which have not had their pollinia removed can be 
fertilised as easily as those w’hich have lost them ; and 



At Torquay I wntched for about half an hour a 
number of these flowers growing together, and saw 
three humble-bees of two kinds visit them. I caught 
one^ and examined its proboscis : on the superior 
lamina, some little way from the tip, two perfect 
iwllinia were attached, and three other boat-formed 
discs without pollen ; so that this bee had removed 
the pollinia from five flowers, and had probably left 
the pollen of three on the stigmas of other flowers. 
The next day I watched the same flowers for a quarter 
of an hour, and caught another humble-bee at work j 
one perfect pollinium and four boat-formed discs ad- 
hered to its proboscis, one on the top of the other, 

showing how exactly the same part of the rostellum’ 
had each time been touched. 

The bees alwavs alio-htprl o* +i,« i,^++ — „i> ii, * 



^ot been visited by insects would not 
' necessarily, in its later and more expanded condition, 

’ ^ pollen wiisted ; for insects, in inserting and 

to ... withdrawing their proboscides, bow them forwards or 









Stigmas* 



I have seen not a few cases of flowers with their 
pollinia still in place, with sheets of pollen on their 
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after the other. I believe humble-bees generally act 
in this manner when visiting a dense spike of flowers, 
as it is the most convenient method ; on the same 
principle t)iat a woodpecker always climbs up a tree in 
search of insects. This seems an insignificant observa- 
tion ; but see the result. In the early morning, when 
the bee starts on her rounds, let ns suppose that she 
alighted on the summit of a spike ; she would cer- 
tainly extract the pollinia from the uppermost and 
last opened flowers ; but when visiting the nest suc- 
ceeding flower, of which the column in all probability 
would not as yet have moved from the labellum (for 
this is slowly and very gradually effected), the pollen- 
masses would be brushed off her proboscis and wasted. 
But nature suffers no such waste. The bee goes first 
to the lowest flower, and, crawling spirally up the 
spike, effects nothing on the first spike which she 
visits till she reaches the upper flowers, and then she 
withdraws the pollinia. She soon flies to another plant, 
and, alighting on the lowest and oldest flower, into 
which a wide passage will have been formed from the 
greater reflexion of the column, the pollinia Strike the 
jirotuberant stigma. If the stigma of the lowest flower 
has already been fully fertilised, little or no pollen 
will be left on its dried surface ; but on the next 
succeeding flower, of which the stigma is adhesive, 
large sheets of pollen will be left. Then as soon as 
the bee arrives near the summit of the spike she will 
withdraw fresh pollinia, will fly to the low'or flowers 
on another plant, and fertilise them ; and thus, as slie 
goes her rounds and adds to her store of honey, she 
continually fertilises fresh flowers and perpetuates the 
race of our autumnal Spiranthes, which will yield 
honey to future generations of bees. 

,Sp ratitheB austral species, an inluibitant 
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of Australia, has been described and figured by Mr. 
Fitzgerald.* The flowers are arranged on the spike 
in the same manner as in S. autminalis; and the 
labellum with two glands at its base closely resembles 
that of our species. It is therefore an extraordinary 
fact that Mr. Fitzgerald could not detect even in the 
bud any trace of a rostellum or of viscid matter. lie 
states that the pollinia touch the ujjper edge of the 
stigma, and fertilise it at an early age. Protecting a 
plant from the access of insects by a bell-glass made 
no difference in its fertility; and Mr. Fitzgerald, 
though he examined many flowers, never noticed the 
slightest derangement of the pollinia, or any pollen 
on the surfaces of the stigmas. Here then we have 
a species which fertilises itself as regularly as does 
Ophrys apifera. It would, however, be desirable to 
ascertain whether insects ever visit the flowers, which 
it may be presumed secrete nectar, as glands are 
present ; and any such insects should be examined, so 
as to make certain that pollen does not adhere to some 
part of their bodies. 

List era ovata, or Tway-hlads ^ — This Orchid is one 
of the most remarkable in the whole order. The 
structure and action of the rostelliun has been the 
subject of a valuable paper in the ‘Philosophical 
Transactions,’ by Dr, Hooker, f who has described 
minutely and of course correctly its curious structure ; 
he did not, however, attend to the part which insects 
play in the fertilisation of the flowers. C. K. Sprengel 
well knew the importance of insect-agency, but he 
misunderstood both the structure and the action of 
the rostellum. 

The rostellum is of large size, thin, or foliaeeous, 

• ‘ Aiastmlian Orchids/ part ii. t ‘ Pliilnsophical Transactions, 
1876. 1854, p. Z59. 
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convex in front and concave behind, with its sharp 
summit slightly hollowed out on each aide ; it arches 
over the stigmatic surface (fig. 18, A, r, s). Internally, 




Fig, 18. 



B 







ovATA, OT Tway-bUde, (Partly copied from Hooker.) 



cof. summit of column. 
c. aothei'. 
pollen, 

f', rostellum. 
r. jtigEH}|, 

/, label] am, 

ti. uec tar-secreting furrow. 



A, Flower viewed laterallji 

all the sepals and petals, except 

the labellum^ removed. 

U. Ditto, with the poilinia re- 
auil with the ro^teliuTO 
bent down after the ejection 
of the viscid matter. 
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it is divided by longitudinal septa into a series of 
loculi, which contain viscid matter and have the power 
of violently expelling it. These loculi show traces of 
their original cellular structure. I have met with this 
structure in no other genus except in the closely 
allied Neottia. The anther, situated behind the ros- 
tellum and protected by a broad expansion of the top 
of the column, opens in the bud. When the flower is 
fully expanded, the pollinia are left quite free, sup- 
ported behind by the anther-cells, and lying in Iront 
against the concave back of the rostellum, with their 
upper pointed ends resting on its crest. Each pol- 
iinium is almost divided into two masses. The pollen- 
grains are attached together in the usual manner bv 
a few elastic threads ; but the threads are weak, and 
large masses of pollen can be broken oif easily. After 
the flower has long remained open, the pollen becomes 
more friable. The labellum is much elongated, con- 
tracted at its base, and bent downwards, as represented 
in the drawing ; the upper half above the bifurcation 
is furrowed along the middle ; and the borders of this 
furrow secrete much nectar. 

As soon as the flower opens, if the crest of the 
rostellum be touched ever so lightly, a large drop 
of viscid fluid is instantaneously expelled • and this, 
as Dr. Hooker has shown, is formed by the coalescence 
of two drops proceeding from two depressed spaces on 
each side of the centre. A good proof of this fact 
was afforded by some specimens kept in w'eak spirits 
of wine, which apparently had expelled the viscid 
matter slowly, and here two separate little spherical 
balls of hardened matter had been formed, attached to 
the two pollinia. The fluid is at first slightly opaque 
and milky ; but on exposure to the air for less than 
a second, a film forms over it, and in two or three 
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seconds the whole drop sets hard, soon assnnimg a 
purplish-brown tint. So exquisitely sensitive is the 
rostellum, that a touch from the thinnest human hair 
suffices to cause the explosion. It will take place 
under water. Exposure to the vapour of chloroform 
for about one minute also caused an explosion; but 
tlie vapour of sulphuric ether did not thus act, though 
one flower was exposed for five, and another for 
twenty minutes to a strong dose. The rostclluni of 
these two flowers when afterwards touched exploded in 
the usual manner, so that sensitiveness had not been 
lost in either ease. The viscid fluid when pressed 
between two plates of glass before it has set hard is 
seen to be structureless ; hut it has a reticulated 
appearance, perhaps caused by the presence of glo- 
bules of a denser immersed in a thinner fluid* As the 
pointed tips of the polHnia lie on the crest of the 
rostellum, they are always caught by tJie exploded 
drop : I have never seen this once to fail. So rapid 
is tlie explosion and so viscid the fluid, that it is 
difficult to touch the rostellum with a needle, however 
quickly this may be done, without removing the 
pollinia. Hence, if a bunch of flowers be carried 
homo in the hand, some of the sepals or petals will 
almost certainly touch the rostellum and withdraw the 
pollinia ; and this gives the false appearance of their 
having been ejected to a distance. 

After tho anther'cells have opened and the naked 
pollinia have been left resting on the concave back of 
the rostellum, this latter organ curves a little forwards, 
and perhaps the anther also moves a little backwards. 
This movement is of much importance ; if it did not 
occur, the tip of the anther, within which tlie pollinia 
are lodged, would be caught by the exploded viscid 
matter, and the pollinia W'ould be for ever locked up 
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an<l rendered useless. I once found an injured fionei 
which Lad been pressed and had exploded before fully 
expanding, and the anther with the enclosed pollen- 
masses was permanently glued to the crest of the ros- 
tellum. The rostelliim, which is naturally somewhat 
arched over the stigma, quickly bends forwards and 
downwards at the moment of the explosion, so as then 
to stand (fig. B) at right angles to the surface of the 
stigma. The pollinia, if not removed by the touching 
object which causes the explosion, become fixed to the 
rostellum, and by its movement are likewise drawn a 
little forward. If their lower ends arc now freed by a 
needle from the anther-cells, they spring up ; but they 
are not by this movement placed on the stigma. In 
the course of some hours, or of a day, the rostellum 
not only slowly recovers its original slightly-arched 
psoition, but becomes quite straight and parallel to 
the stigmatic surface. This backward movement of 
the rostellum is of service ; for if after the explosion it 
had remained permanently projecting at right angles 
over the stigma, pollen could not readily have been 
deposited by insects on the viscid surface of the 
stigma. When the rostellum is touched so quickly 
that the pollinia are hot removed, they are, as I have 
just said, drawn a little forward ; but by the subse- 
quent backward movement of the rostellum they are 
pushed back again into their original position. 

From the account now given we may safely infer 
how the fertilisation of this Orchid is effected. Small 
insects alight on the labellum for the sake of the 
nectar copiously secreted by it ; as they lick this they 
slowly crawl up its narrowed surface until their heads 
stand directly beneath the overarching crest of the 
rostellum ; when they raise their heads they touch the 
crest ; this then explodes, and the pollinia are instantly 
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and firmly cemented to their heads. As soon as the 
insect flies away, it withdraws tlie pollinia, carries 
them to another flower, and there leaves masses of the 
friable pollen on the adhesive stigma. 

In order to witness ^vhat I felt sure would take 
place, I watched for an hour a group of plants on 
three occasions; each time I saw numerous specie 
mens of two small Hymonopterous insects, namely, a 
Haemiteles and a Cryptus, flying about the plants and 
licking up the nectar ; most of tlie flowers, which were 
visited over and over again, already had their pollinia 
removed, hut at last I saw both these species crawl 
into younger flowers, and suddenly retreat with a pair 
of bright yellow pollinia sticking to their foreheads ; I 
caught them, and found the point of attachment was to 
the inner edge of the eye ; on the other eye of one 
specimen there was a ball of the hardened viscid 
matter, showing that it had previously removed 
another pair of pollinia, and in all probability had subse- 
quently left them on the stigma of a flower. As these 
iiisects were captured, I did not witness the act of fertili- 
sation ; but bprcngel saw a Hymenopterous insect 
leave its pollen-mass on the stigma* My sou watched 
another bed of this Orchid at some miles’ distance, and 
brought me home the same Hymenopterous insects 
with attached pollinia, and he sa\^ Hiptera also 
visiting the flowers. He was struck with the number 
of^ spider-webs spread over these plants, as if the 

spiders were aware how attractive the Listcra w^as to 
insects. 

lo show how delicate a touch suffices to cause 
the rostelliim to explode, I may mention that I found 
an extremely minute Hymenopterous insect vainly 
struggling to escape, with its head cemented by the 
hardened viscid matter, to the crest of the rostellum 
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and to the tips of the pollinia. The insect was not 
so large as one of the pollinia, and after causing the 
explosion had not strength enough to remove them ; 
it was thus punished for attempting a work beyond 
its strength, and perished miserably. 

In Spiranthes the young flowers, which have their 
pollinia in the best state for removal, cannot possibly 
be fertilised ; they must remain in a virgin condition 
until they are a little older and the column has 
moved away from the labellum. Here the same end 
is gained by widely different means. The stigmas of 
the older flowers are more adhesive than those of the 
younger flowers. These latter have their pollinia 
ready for removal ; but immediately after the rostellum 
has exploded, it curls forwards and downwards, thus 
protecting the stigma for a time; but it slowly be- 
comes straight again, and now the mature stigma is 
left freely exposed, ready to he fertilised. 

I wished to know whether the rostellum would 
explode, if never touched ; but I have found it difficult 
to ascertain tins point, as the flowers are highly at- 
tractive to insects, and it is scarcely possible to exclude 
very minute ones, the touch of which suffices to cause 
the explosion. Several plants were covered by a net 
and left till the surrounding plants had set their 
capsules ; and the rostella in most of the covered-up 
flowers were found not to have exploded, though their 
stigmas were withered, and the pollen mouldy and 
incapable of removal. Some few of the very old 
flowers, howev'er, when roughly touched, were still 
capable of a feeble explosion. Other flowers under 
the nets had exploded, and they had the tips of their 
pollinia fixed to the crest of the rostellum ; but whether 
these had been touched by some minute insect, or had 
exploded spontaneously, it was impossibie to deter- 
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mine. It should be observed, that although I looked 
carefully, not a grain of pollen could be found on the 
stigmas of any of these flowers, and their ovaria had 
not swollen, lluring a subsequent year, seTeral plants 
were again covered by a net, and I found that the 
rostellum lost its power of explosion in about four 
days ; the viscid matter having turned brown within 
the loculi of the rostellum. The weather at the time 
was unusually hot, and this probably hastened the 
process. After the four days the pollen had become 
veiy incoherent, and some had fallen on the two 
corners, and even over the whole surface of the stigma, 
which was penetrated by the pollen-tubes. But the 
scattering of the pollen i-vas largely aided by, and 
perhaps v holly depended on, the presence of Thrips 
—insects so minute that they could not be excluded 
bv any net, and which abounded on the flowers. This 
plant, therefore, is capable of occasional self-fertilisa' 
tiou, if the access of winged insects be prevented ; but 
I have every reason to believe that this occurs very 
rarely in a state of nature. 

That insects do their work of cross-fertilisation 
effectually is shown by the following cases. The 
seven upper flow-ers on a young spike with many 
nnexpanded buds, still retained their pollinia, but 
these had been removed from the ten lower flowers ; 
and there was pollen on the stigmas of six of them. 
In two spikes taken together, the twenty-seven loiver 
flowers all had their pollinia removed, and had pollen 
on their stigmas; these w-ere succeeded by five open 
flowers with the pollinia not removed and without any 
pollen on the stigmas ; and these were succeeded by 
eighteen buds. Lastly, in an older spike with forty- 
four fully expanded flowers, the pollinia had been 
removed from every single one ; and there was pollen* 
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gCDerally in large quantity, on all the stigmas which 
1 examined. 

I will recapitulate the several special adaptations 
for the fertilisation of this plant. The anther-cells 
open early, leaving the pollen-masses free, protected 
by the summit of the column, and u'ith their tips 
resting on the concave crest of the rosteilmn. The 
rostellum then slowly curves over the stigmatic 
surface, so that its explosive crest stands at a little 
distance from the summit of the anther; and this 
is very necessary, otherwise the summit would he 
caught hy the viscid matter, and the pollen for ever 
locked up. The curvature of the rostellum over the 
stigma and over the base of the labellum is excellently 
adapted to favour an insect striking the crest when it 
raises its head, after having crawled up the labellum 
and licked the last drop of nectar. The labellum, as 
C. K. Sprengel has remarked, becomes narrower where 
it joins the column beneath the rostellum, so that 
there is no risk of an insect going too much to either 
side. The crest of the rostellum is so exquisitely 
sensitive, that a touch from a very minute insect 
causes it to rupture at two points, and instantly two 
drops of viscid fluid are expelled, which coalesce. This 
viscid fluid sets hard in so wonderfully rapid a manner 
that it rarely fails to cement the tips of the pollinia, 
nicely laid on the crest of the rostellum, to the fore- 
head of the touching insect. As soon as the rostellum 
has exploded it suddenly curves downwards so as to 
project at right angles over the stigma, protecting it 
from impregnation at an early age, in the same manner 
as the stigmas of the young flowers of Spiranthes are 
protected hy the labellum clasping the column. But 
as the column of Spiranthes after a time moves from 
the labellum, leaving a free passage for the intioduc- 
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tion of the pollinia, so here the rostellum moves back- 
wards, and not only recovers its former arched positioiij 
but stands upright, leaving the stigmatic surface, now 
rendered more adhesive, perfectly free for pollen to be 
left on it. The pollen-masses, when once cemented to 
an insect^s forehead, will remain attached to it, until 
they are brought into contact with the stigma of a 
mature flower ; and then these encumbrances will be 
removed, by the rupturing of the weak elastic threads 
which tie the grains together ; the flower being at the 
same time fertilised, 

Listem cordata . — Professor Dickie of Aberdeen was 
so kind us to send me, but rather too late in the 
season, two sets of specimens. The flow^ers have essen- 
tially the same structure as in the last species. The 
loculi of the rostellum are very distinct. Two or three 
little hairy points project from the middle of the crest 
of the rostellum ; but I do not know^ whether tliese 
have any functional importance. The labellum luis 
two basal lobes (of w^hieh vestiges may be seen in 
L. ovata) w'hich curve up on each side ; and these 
would compel an insect to approach the rostellum 
straight iu front. In two of the flowers the pollinia 
were firmly cemented to the crest of the rostellum ; 
but in almost all the others the pollinia had been 
previously removed by insects. 

In the following year Professor Dickie observed the 
flowers on living plants, and he informs me that, when 
the pollen is mature, the crest of the rostellum is 
directed towards the labellum, and that, as soon as 
touched, the viscid matter explodes, the pollinia becom- 
ing attached to the touching object ; after the explosion, 
the rostellum bends downwards, thus protecting the 
virgin stigmatic surface ; subsequently it rises up and 
exposes the stigma ; so that here everything goes on 
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as I have described under Listera ovata. The flowers 
are frequented by minute Diptera and Hymenoptera* 
Neottia nidus-avis.— 1 made numerous observations 
on tins plant, the Bird’s-nest Orchis,* but they are not 
worth giving, as the action and structure of every 
part is almost identically the same as in Listera ovata 
and cordata. On the crest of the rostellum there are 
about six minute rough points, which seem particularly 
sensitive to a touch, causing the expulsion of the 
viscid matter. The exposure of the rostellum to the 
vapour of sulphuric ether for twenty minutes did not 
prevent this action, when it was touched. The label- 
lum secretes plenty of nectar, which I mention merely 
as a caution, because during one cold and wet season 
I looked several times and could not see a drop, and 
w^as perplexed at the apparent absence of any attrac- 
tion for insects ; nevertheless, had I looked more per- 
severingly, perhaps I should have found some. 

The flowers must be freely visited by insects, for 
all in one large spike had their pollinia removed. 
Another unusually fine spike, sent me by Mr. Oxenden 
from South Kent, had borne forty-one flowers, and it 
produced twenty -seven large seed-capsules, besides 
some smaller ones. Dr* H. Muller of Lippstadt in- 
forms me that he has seen Diptera sucking the nectar 
and removing the pollinia. 

The pollen-masses resemble those of Listera, in 
consisting of compound grains tied together by a few 
weak threads ; they differ in being much more inco- 
herent ; after a few days they swell and overhang the 
sides and summit of the rostellum ; so that if the ros- 
tellum of a rather old flower be touched and an explo- 



* This unnatural Sickly- looking 
plant has generally been Buppos(r;d 
to b'" pamiiiitiG on the roota of the 
trcea under the shade of which it 



liTes; but, according to Irmiech 
Beitnige zur Biologic und Mor- 
phologic der Orchidccn,' 185 Si, s. 
25), thiB oertaiuly ia not the caise. 
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sion caused, the pollen-masses are not so neatly caught 
by their tips as those of Listera. Thus a good deal oi 
the friable pollen is often left behind in the anther- 
cells and is apparently wasted. Several plants were 
protected from the access of winged insects by a net, 
and after four days the rostella had almost lost their 
sensitiveness and power to explode. The pollen had 
become extremely incoherent, and in all the flowers 
much had fallen on the stigmas which were penetrated 
by the pollen-tubes. The spreading of the pollen 
seems to be in part caused by the presence of Thrips, 
many of which minute insects were crawling about the 
flowers, dusted all over with pollen. The covered>up 
plants produced plenty of capsules, but many of these 
were much smaller and contained fewer seeds than 
those produced by the adjoining uncovered plants. 

If insects had been forced by the labellnra being 
more upturned to brush against the anther and stigma, 
they would always have been smeared with the pollen 
as soon as it became friable ; and they would thus 
have fertilised the flowers eflectuallv without the aid 

fa* 

of the explosive rostellum. This conclusion interested 
me, because, when previously examining Cephalaii- 
tliera, with its aborted rostollum, its upturned label- 
luni and friable pollen, I had speculated bow a transi- 
tion, with each gradation useful to the plant, could 
have been ellected from the state of the pollen in the 
similarly constrncted flowers of Epipactis, with their 
pollinia attached to a well-developed rostcdlum, to the 
present condition of Cephalanthera. Keottia nidus- 
avis shows ns how' such a transition might have been 
effected. This Orchid is at present mainly fertilised 
by means of the explosive rostellum, which acts effec- 
tually only as long as the pollen remains in mass ; 
but we have seen that as tlie flower grows old the 
pollen swells and becomes friable, and is then apt to 
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fall or be transported by minute crawling insects on 
to the stigma. By this means self-fertilisation is 
assured, should larger insects fail to visit the flowers. 
Jforeover, the pollen in this state readily adheres to 
any object ; so that by a slight change in the shape of 
the flower, which is already less open or more tubular 
than that of Listera, and by the pollen becoming 
friable at a still earlier age, its fertilisation would be 
rendered more and more easy without the aid of the 
explosive rostellum. Ultimately it would become a 
superfluity ; and then, on the prineiide that every part 
which is not brought into action tends to disappear, 
from causes which I have elsewhere endeavoured to 
explain,* this would happen with the rostellum. We 
should then see a ne\v species, in the condition of 
Cephalanthera as far as its means of fertilisation were 
concerned, but in general structure closely allied to 
Keottia and Listera. 

Mr. Fitzgerald, in the introduction to his * Austra- 
lian Orchids,’ says that Thelymitra carnea, one of 
the FTeotteae, invariably fertilises itself by means of the 
incoherent pollen falling on the stigma. ^Nevertheless 
a viscid rostellum, and other structures adapted for 
cross-fertilisation are present. The flowers seldom 
expand, and never until they have fertilised them- 
selves ; so that they seem tending towards a cleisto- 
gene condition. Thelymitra longifoUa is likewise fer- 
tilised in the bud, according to Mr. Fitzgerald, but 
the flowers open for about an hour on fine days, and 
thus cross-fertilisation is at least possible. On the 
other hand, the species of the allied genus X)iurts are 

said to be wholly dependent on insects for their 
fertilisation. 

, of AnimalB and Plants under Domestication,’ 2o'I edit. 

VOi. Ill JJUJ, 
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CHAPTER V. 

MALAXE^’E AND EPIDENDREJS. 

Malaxis paliidose— Masdevallia, curious closod flowera^Eolb45phylIum, 
labellum kept in constant movement by every breath of nir^ — Dendro- 
bium^ contrivance for &elf-fertilisation— Cuttleya, simplo mnuuer of 
ferti liuation — Epideudrum— Self-fertile Epidt ndr effi. 

I HAVE now described the manner of fertilisation of 
fifteen genera, found in Britain, which belong, accord- 
ing to Lindley*s classification, to the Ophrem, Arethu- 
seffi, and Neotteoe* A brief account of several foreign 
genera belonging to these same tribes has been added, 
from observations published since the appearance of 
the first edition of this hook. We will now turn to 
the great exotic tribes of the Malaxeoe, Epidendreie, 
and YandeoD, which ornament in so wonderful a 
manner the tropical forests. My chief object in 
examining these latter forms has been to ascertain 
whether their flowers were as a general rule fertilised 
by pollen brought by insects from another plant. I 
also wished to leam whether the pollinia underwent 
those curious movements of depression by which, as 
I had discovered, they are placed, after being removed 
by insects, in the proper position for striking the 
stigmatic surface* 

By the kindness of many friends and strangers I 
have been enabled to examine fresh floia'ers of several 
species, belonging to at least fifty exotic genera, in 
the several sub-tribes of the above three great tribes.* 

* I am particularly indebtid to Dr, H(x»ker, who on every occa- 
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It is not my intention to describe the means of fertili- 
sation in all these genera, but merely to select a few 
ciirions cases which illustrate tiie foregoing descrip- 
tions. The diversity of the contrivances adapted to 
favour the intercrossing of flowers, seems to be ex- 
haustless. 



Malaxis paZadosa.— This rare orchid* is the sole 
representative of the tribe in this country, and it is 
the smallest of all the liritish species. The labellum 
is turned upwards, f instead of downwards, so that it 
does not aflord a landing-place for insects as in most 
other Orchids. Its lower margin clasps the column, 
making the entrance into the flower tubular. From 



sion ban given me Iiis invaluable Horwood, for his aid in some of 

atlvice, and has never beeome my observations. 

weary of sending mo specimeiu Professor Oliver has kindly 
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assisted me with his large stores 
of knowledge, and bas railed my 
attention to se vera 1 pa Lastly, 
Dr* Lindley has sent me fresli 
and dried Bpeeimens, and has in 
the kindest manuer helped me in 
various ways. 



IMr. James Veitcli, jun*, lias 
generously given mo many beau- 
tiful Orchids, some of w'hieli w^ere 
of especial service. Mr, li. Parker 
also sent me an extremely valu- 
able series of Forms* Lady Dorothy 
Nevill most kindly placed her 
magniiicent collection of Orchids 
at my disposal. Mr. Rucker of 
West Hill, Wandsworth, sent me 
re|>eatedly large spikes of Catase- 
tuim a Morrnodes of extreme value 
and some Demirobiuma. Mr. 
liudgers of Seven oak a haa given 
me interesting inforrnation. Mr* 
Hatcman, so well kno^vn for his 
maguiheent work on Orchids, 
sent me a number of interesting 
forma, iticluding tbe wonderful 

I am 

greatly indebted to Mr. Turnbull 
of Down for allowing me the free 
of his hothousea, and for 
giving me aome iutcrestiTig Or* 
cliids ; and to hia gordeneij Mr, 





t Sir James Smith* I believe, 
first noticed this fact in the 
‘ English Flora,* vol. iv, p. 47, 
1^^2S. Towards the summit of 
the spike the lower sepal does not 
depend, as represented in the 
WfKKlcut ffig. ilt, A), but projects 
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for numerous living specimens of 
this Orchid* 



To theiie gentlemen I can only 
express my cordial thanks for 
their unwearied and generous 
kiikdness. 



* I arn greatly indebted to Mr, 

W'ailis, of Ilartfield, in Sussex, 

^ . \ 
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MaLASIS PALL’DOSA. 

(Partly copied from Bauerj but urodificJ from living specimens.) 



n. anther^ t?. spiral vessels, 

p, pollen. r. rostellum, 

cL clinandrum, s, stigma* 

i. labellum. 

u. the sepal which in most orchids 
stands on the upper side of the 
flower, 

A* Perfect flower viewed laterally, 
'with the labellum in its natu- 
ral position, upwards. 

B. Column viewed in front, showing 
the rostellum, the pocket -liko 
stigma, and the anterior latc" 
ral portions of the clinandrum. 



C* Back view of the column in a 
flower-bud, showing the anther 
with the included pear-shaped 
polliuia dimly seen, and the 
posterior edges of the dinan- 
drum. 

D, Biick view' of an eipaoded flower, 
’With the ;mther now contracted 
and shrivelled, exposing the 
pollinia. 

Ei. The two polliuia attached to a 
little trna ns verse mass of viscid 
matter, hardened by spirits of 
wine* 



0 

i 90 



teiiM S K 

Ddbed d 

lin itamk 
ittaw. 

seen to i! 

Ik*. ’ 

Pw[«l!lfe. 



itiatie atj, 

tl*n 









Darwin Online: courtesy Oklahoma University Libraries 





Chap. V. 



MALAXIS TALUDOSA, 



131 



its position it partially protects the organs of fnicti- 
fication (fig, 19). In most of the Orchideae, the upper 
sepal and the two upper petals afford protection ; but 
here these two petals and all the sepals are reflexed 
(as may be seen in the drawing, fig. A), apparently to 
allow insects freely to visit the flower. The positioji 
of the kbellum is the more remarkable, because it 
has been purposely acquired, as shown by the ovarium 
being spirally twisted. In all Orchids the labelhim 
is properly directed upwards, but assumes its usual 
position on the lower side of the flower by the twist- 
ing of the ovarium ; but in IMalaxis the twisting has 
been carried so far that the flower occupies the posi- 
tion which it would have held if the ovarium had 
not been at all twisted, and which the ripe ova- 
rium afterwards assumes, by a process of gradual 
untwisting. 

When the minute flower is dissected, the column is 
seen to be longitudinally tripartite; the middle 
portion of the upper half (see fig. B) is the rostellum. 
The upper edge of the lower part of the column 
projects where united to the base of the rostellum, 
and forms a rather deep fold. This fold is the stig- 
nmtic cavity, and may be compared to a waistcoat- 
pocket. I found pollen-masses which had their broad 
ends pushed by insects into this pocket; and a 
bundle of pollen-tubes had here penetrated the 
stigmatic tissue. 

The rostellum, wliich stands immediately above the 
stigmatic cavity, is a tall membranous projection of a 
whitish colour, formed of square cells, and is covered 
with a thin layer of viscid matter : it is slightly con- 
cave posteriorly, and its crest is surmounted by a 
minute tongue-shaped mass of viscid matter. The 
column, with its narrow pocket-like stigma and the 
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rostellum above, is rniited on each side behind to a 
green membranous expansion, convex exteriorly and 
concave interiorly, of which the summits on each side 
are pointed and stand a little above the crest of the 
rostelluni. These two membranes sweep round (see 
back views, figs* 0 and D), and are united to the 
filament or base of the anther ; they thus form a cup- 
llko clinandrum behind the rostellum. The use of this 
cup is to protect laterally the pollen-masses. When 
I have to treat of the homologies of the different parts, 
it will he shown by the course of the spiral vessels 
that these two membranes consist of the two upper 
anthers of the inner whorl, in a rudimentary condition, 
hut utilised for this special purpose* 

In a flower before it expands, a little mass or drop 
of viscid fluid may be seen on the crest of the roa- 
tclluin, rather overhanging its front surface* After 
the flower has remained open for a little time, this 
drop shrinks and becomes more viscid. Its chemical 
nature is different from that of the viscid matter in 
most Orchids, for it remains fluid for many days, 
though fully exposed to the air. From these facts 
I concluded that the viscid fluid exuded from the 
crest of the rostellum ; but fortunately I examined 
a closely-allied Indian form, namely, tlie Microstylisi 
rhedii (sent me from Kew by Dr. Hooker), and in 
this, before the flower opened, there was a similar drop 
nl viscid matter ; but on opening a still younger bud, 

I found a minute, regular, tongue-shaped projection 
on the crest of the rostellum, formed of cells, which 
when slightly disturbed resolved themselves into a 
drop oi viscid matter. At this age, also, the front 
surface of the whole rostellum, between its crest and 
the poeket-like stigma, was coated with cells filled 
with similar brown viscid matter; so that there can 
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be little doubt, had 1 examined a young enough bud 
of Malaxis, I should have found a similar minute 
tongue-shaped cellular projection on the crest of the 
rostellum. 

The anther opens widely whilst the flower is in 
bud, and then shrivels and contracts downwards, so 
that, when the flower is fully expanded, the pollinia 
are quite naked, with the exception of their broad 
lower ends, which rest in two little cups formed by 
the shrivelled anther-cells. This contraction of tlie 
anther is represented in fig. D in comparison with fig. 
C, which shows the state of the anther in a bud. 
The upper and much pointed ends of the pollinia 
rest on, but project beyond, the crest of the rostellum ; 
in the hud they are unattached, but by the time the 
flower opens they are always caught by the posterior 
surface of the drop of viscid matter, of which the 
anterior surface projects slightly beyond the face of 
the rostellum. That they are caught without any 
mechanical aid I ascertained by allowing some bud’s 
to open in my room. In fig. E the pollinia are shown 
exactly as they appeared (but not quite in their 
natural position) when removed by a needle from a 
specimen kept in spirits of wine, in which the irre- 
gular little mass of viscid matter had become hardened 
and adhered firmly to their tips. 

The pollinia consist of two pairs of very thin leaves 
of waxy pollen; and the four leaves are formed of 
angular compound grains which never separate. As 
the pollinia are almost loose, being retained merely by 
the adhesion of their tips to the viscid fluid, and by 
tbeir bases resting in the shrivelled anther-cells, and 
as the petals and sepals are much reflexed, the pollinia, 
when the flo\^er is fully exjjanded, would have been 
liable to be blown away or out of their proper position, 
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had it nut been for the membranous expansions on 
each side of the column forming the clinandrum, 
\vithin which they lie safely. 

W hen an insect inserts its proboscis or head into 

tlie narrow space between the upright labellum and 

the rostellimij it will infallibly touch the little pro- 

jecting viscid mass, and as soon as it flies away it 

will withdraw the pollinia. I easily imitated this 

action by inserting any small object into the tubular 

flower between the labellum and rostellum. When 

the insect visits another flower, the very thin pollen- 

leaves attached parallel to the proboscis, ox head, will 

be forced into the pocket-like stigma with their broad 

ends foremost* I found poliinia in this position glued 

to the upper membranous expansion of the rostellum, 

and with a large number of pollen-tubes penetrating 

the stigmatic tissue* The use of the thin layer of 

^ matter, which coats the surface of the rostellum 

in this genus and in Microstylis, and which is of no 

use for the transportal of the pollen from flower to 

flower, seems to be to keep the leaves of pollen fixed 

in the narrow stigmatic cavity when their lower ends 

ha\e been inserted by insects. This fact is rather 

iriterestiiig under a homological point of view, for, as 

^'0 shall hereafter see, the primordial nature of the 

^ iscid matter of the rostellum is that which is common 

to the stigmatic secretion of most flowers, namely, the 

retention of the pollen, when placed by any means on 
its stigma, 

^ The flowers of the Malaxis, though so small and 
inconspicuous, are highly attqrctive to insects. This 
was showm by the pollinia having been removed from 
all the flowers on the spikes which I examined, 
excepting from one or tw^o close under the buds. In 
some old flower-spikes eyery single pollinium had 
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been carried away. Insects sometimes remove only 
one of the two pairs, I noticed a dower with all four 
pollen-leaves still in plafce, with 'a single one in the 
stigmatic cavity ; and this must clearly have been 
brought by some insect. Within the stigmas of many 
other flow-ers pollen-leaves were observed. The plant 
produces plenty of seed ; and thirteen of the twenty-one 
lovv'er flowers on one spike had formed large capsules. 

We will now turn to some exotic genera. The pol- 
linia of Fl^mrothalUs jproUftra and ligvlatu (?) have a 
minute caudicle, and mechanical aid is requisite to 
force the viscid matter from the under side of the 
rostclhmi into the anther, thus to catch the caudicles 
and remove the pollinia. On the other hand, in our 
British Jlalaxis and in Miarostylis rkedii from India, 
the upper surface of the minute tongue-shaped ros- 
tellum becomes viscid and adheres to the pollinia 
without any mechanical aid. This appears likewise to 
be the case with Stdis raeemijlora, but the flowers were 
not in a good state for examination. I mention this 
latter flower partly because some insect in the hot- 
house at Kew had removed most of the pollinia, and 
had left some of them adhering to the lateral stigmas. 
These curious little flow-ers are widely expanded and 
much exposed ; but after a time the three sepals close 
together with perfect exactness, so that it is scarcely 
possible to distinguish an old flow'er from a bud : yet, 
to my surprise, the closed flowers opened when im- 
mersed in water. 

The allied MasdevalUa fenestrata bears an extra- 
ordinary flower. The three sepals instead of closing, 
as in the case of Stelis after the flower has remained 
for a time expanded, cohere together and never open. 
Two minute, lateral, oval windows (hence the name 
fenestrata), are seated high up the flower opposite each 
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Fig, 2a 



Masdevallta fexes- 

TRATA. 



nectary. 




other, and afford the only entrance ; but the presence 
of these two minute windows (fig, 20) shows Jtow neces- 
sary it is that insects should visit the flower in this 
case as in that of most other Orchids. How insects 
perform the act of fertilisation I have failed to under- 
stan<h At the bottom of the roomy and dark chamber 
formed by the closed sepals, the minute column stands, 
and in front of it is the furrowed labelliim, with a 
highly flexible hinge, and on each side the two upper 
petals ; a little tube being thus formed. When there- 
fore a minute insect enters, or 
which is less probable, a larger in- 
sect inserts its prolxiscis through 
either window, it has to find by 
the sense of ttnich the inner tube 
in order to reach the nectary at 
the base of the flower. Within 
the little tube, formed by the 
column, labellum, and lateral 
petals, a broad and hinged rostel- 

which can easily be upturned. 
Its under surface is viscid, and 
this viscid matter soon sets hard and dry. The minute 
caudicles of the pollinia, projecting out of the anther- 
case, rest on tlie base of tho u])per membranous surface 
of the rostellum. The stigmatic cavity ivhen mature 
13 not very deep. After cutting away the sepals I 
\ainly endeavoured, by pushing a bristle into tho 
tubular flower, to remove the pollinia, but by the aid 
bent needle, this w'as effected without much 
imculty, Ihe whole structure of the flower seems 
as if intended to prevent the flower from being easily 
ertilised , and tJiis proves that wo do not understand 
its structure, home small insect had entered one of 
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the flowers in the hothouse at Kew, for many eggs 
were deposited within it, near tlie base. 

Of Bolbophylhim I examined the curious little 
flowers of four species, which I will not attempt fully 
to describe. In B. cupreum and coeoinum, the upper and 
lower surfaces of the rostellum resolve themselves into 
viscid matter, which has to be forced upwards by insects 
into the anther, so as to secure the pollinia. 1 effected 
this easily by passing a needle down the flower, which 
is rendered tubular by the position of the labellum, 
and then withdrawing it. In B. rhizophorsB the anther- 
case moves backwards, when the flower is mature, 
leaving the two pollen-masses fully exposed, adhering 
to the upper surface of the rostellum. They are held 
together by viscid matter, and, judging from the 
action of a bristle, are always removed together. The 
stigmatic chamber is very deep with an oval orifice, 
w hich exactly fits one of the two pollen-masses. After 
the flower has remained open for some time, the sides 
of the oval orifice close in and shut the stigmatic 
cliamber completely,— a fact which I have observed in 
no other Orchid, and which, I presume, is here related 
to the much exposed condition of the whole flower. 
When the two pollinia were attached to a needle or 
bristle, and were forced against the stigmatic chamber, 
one of the two glided into the small orifice more readily 
tiian could have been anticipated. JS'evertlieless, it is 
evident that insects must place themselves on suc- 
cessive visits to tlie flowers in precisely the same 
position, so as first to remove the two pollinia, and 
then force one of them into the stigmatic orifice. The 
two upper filiform petals would serve as guides to 
the insect ; but tlie labellum, instead of making the 
flower tubular, hangs down just like a tongue out of a 
widely open mouth. 
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The kbelliim in all the species which I have seen, 
more especially in B, rhi^ophorWt is remarkable by 
being joined to the base of the colnmn by a very 
narrow, thin, white strap, which is highly elastic and 
flexible; it is even highly elastic when stretched, 
like an india-rubber band. When the flowers of this 
species were blown by a breath of wind the tongue-like 
labella all oscillated to and fro in a very odd manner. 
In some species not seen by me, as in B. barMfferuvi, 
the labellum is furnished with a beard of fine hairs, 
and these are said to cause the labellum to be in 
almost constant motion from the slightest breath of 
air. W' hat the use can be of this extreme flexibility 
and liability to movement in the labellnra, I cannot 
conjecture, unless it be to attract the notice of insects, 
as the flowers of these species are dull-coloured, small, 
and inconspicuous, instead of being large, brightly- 
coloured, and conspicuous or odoriferous, as in so many 
other Orchids. The labella of some of the species are 
said to be irritable, but I could not detect a trace of 
this quality in those examined by me. According to 
I and ley, the labellum of the allied Meffa^liniufji falca~ 
turn spontaneously oscillates up and down. 

The last genus of the Malaxea 3 which I w ill mention 
is Dendrobium, of which one at least of the species, 
namely 2). eJirysantJmmf is interesting, from being 
apparently contrived to effect its own fertilisation, if 
an insect, when visiting the flower, should fail to 
Tomovo the pollen-masses. The rostellum has an 
upper and a small low^er surface composed of mem- 
brane ; and between these is a thick mass of milky- 
white matter which can be easily forced out. This 
white matter is less viscid than is usual ; but w hen 
exposed to the air a film forms over it in less than 
half a minute, and it soon sets into a waxy or cheesy 
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substance. The large concave but shallow stigmatic 
surfoce is seated beneath the rostelhim. The pro- 
duced anterior lij) of the anther (see A) almost entirely 
covers the upper surhice of the rostellnm. The fila- 
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<1. aiithpr» 

r, lostellutn, t. labtllum. 

«. nectary. 

A, Lateral view ot flower^ with the 
anther in its proiper position, 
before the ejection of the pol- 
linia. All the sepals and petals 
are removed except the label- 
lum, which is longitudinaHy 
bisected* 



B* Outline of coin inn, viewed later- 
ally, after the ^anther has ejected 
the piHinia. 

C. Front vkw of column, showing 
the empty cells of the anther* 
after It has ejected its polUnia, 
1‘he anther is represented hang- 
ing too low down, and covering 
mrrre of the stigma than it 
really does. 



ment of the anther is of considerable lenofth, but is 
hidden in the side view. A, behind the iiiitldle of the 
anther; in the section, B, it is seen, after it has 
sprung forward : it is elastic, and presses the anther 
firmly down on the inclined surface of the clinan- 
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clrUTn (see fig. B) wliich lies behind the rostelluni. 
When the ilower is expanded the two pollinia, 
united into a single mass, lie quite loose on the 
clinandrum and under the anther-case. The labellum 
embraces the column, leaving a passage in front. The 
middle portion of the labellum (as may be seen in 
fig. A) is thickened, and extends up as far as the 
top of the stigma. The lowest part of the colimm 
is developed into a saucer-like nectary, which secretes 
honey. 

As an insect forces its way into one of these flowers, 
the labellnin, which is elastic, will yield, and the 
projecting lip of the anther will protect the rostelliim 
from being disturbed ; but as soon as the insect 
retreats, the lip of the anther will be lifted up, and 
the viscid matter from the rostelluni forced into the 
anther, gluing the pollen-mass to the insect, which 
will thus be transported to another floiver. I easily 
imitated this action ; but as the pollen -masses have 
no caudicle and lie rather far back within the elinan- 
drum beneath the anther, and as the matter from the 
rostelliim is not highly viscid, they were sometimes 
left behind. 

Owing to the inclination of the base of the elinan- 
driun, and owing to the length and elasticity of the 
filament, as soon as the anther is lifted up it always 
springs forw^ard, over the rostellum, and remains 
hanging there with its lower empty surface (fig. C) sus- 
pended over the summit of the stigma. The filament 
now’^ stretches across the space (see fig. II) which 
was originally covered by the anther. Several times, 
having cut off all the petals and labellum, and laid 
the floiver under the microscope, I raised the lip of the 
anther with a needle, without disturbing the rostellum, 
and saw' the anther assume, with a spring, the pasition 
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represented sideways in fig. B, and frontways in fig, 
C. By this springing action the anther scoops the 
pollinium out of the concave clinandrum, and pitches 
it up ill the air, with exactly the right force so as to 
fall down on the middle of the viscid stigma, where it 
adheres. 

Under nature, however, the action cannot be as thus 
described, for the labellum hangs downwards ; and to 
understand what follows, the drawing should be placed 
in an almost reversed position. If an insect failed to 
remove the pollinium by means of the viscid matter 
from the rostellum, the pollinium would first be jerked 
downwards on to the protuberant surface of the label- 
lum, placed immediately beneath the stigma. But it 
must be remembered that the labellum is elastic, and 
that at the same instant that the insect, in the act of 
leaving the flower, lifts up the lip of the anther, and 
S3 causes the pollinium to be shot out, the labellum 
will rebound back, and striking the pollinium will 
pitch it upwards, so as to hit the adhesive stigma. 
Twice I succeeded in eflecting tliis by imitating the 
retreat of an insect, with the flower held in its natural 
position ; and on opening it, found the pollinium 
glued to the stigma. 

This view of the use of the elastic filament, seeinjr 
how complicated the action must be, niav appear 
fanciful * but we have seen so many and such curious 
adaptations, that I cannot believe the strong elasticity 
of the filament and the thickening of the middle part 
of the labellum to be useless points of structure. If 
the action be as I have described, we can perceive 
their meaning, for it would be an advantage to the 
plant that its single large pollen-mass should not be 
wasted, supposing that it failed to adhere to an insect 
by means of the viscid matter from the rostellum* 



142 



EPIDENDRE.E. 



CUAP. V, 



This contrivance is not common to all the species of 
the genus ; for in neither I>. higihhum nor D.formomm 
was the filament of the anther elastic, nor was the 
middle line of the lahellum thickened. In D\ tortih 
the filament is elastic ; but as I examined only a 
single flowerj and before 1 had made out the structure 
of i). chrysanthiim, I cannot say how it acts* 

Mr. Anderson states * that on one occasion the flowers 
of his Dendrohium cretaceum did not expand, and vet 
they produced capsules, one of wliicli he sent me. 
Almost all the numerous seeds in this capsule con* 
tained embryos, thus differing greatly from the cases 
presently to be given of the self-fertilised seeds from 
the non-ex panded flowers of a Cattleya, Jlr. Anderson 
remarks that Dendrobiunis are the sole representatives 
of the Malaxeie which, as far as he has seen, spon- 
taneously form capsules. He likewise states that in 
the immense group of the Vandem, hereafter to be 
described, none of the species under his care, with 
the exception of some belonging to the siib-diyision 
of the Brassidae and of Scivccttithus has ever 

spontaneously produced a capsule. 

EPIDENDRE^. 

Ihe Epidendreae and Maluxeae are characterised by 
the pollen-grains cohering into large waxy masses. 
In the latter of these groups the poUinia are said not 
to he furnished with candid es, hut this is not uni- 
versally the case, for tliey exist in MasdevaJIta fenes- 
irata and some other species in an efficient condition, 
although unattached and of minute size. In the 
Epidendreoe, on the other hand, free or unattached 
caudicles are always present. For my purpose these 

’ * Joiiruul of Horticulture/ 1S63, pp, 20G, 287. 
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two great tribes might have been run together ; as the 
ilistinction drawn from the presence of caudicles does 
not always hold good. But difficulties of this nature 
are frequently encountered in the classification of 
largely developed or so-called natural groups, in which 
there has been comparatively little extinction. 

I will begin with the genus Cattleya, of which I 
have examined several species. These are fertilised 
in a very simple manner, different from that in any 
BritLsh Orchid. The rostellnm (r, fig. 22, A, B) is a 
broad, tongue-shaped projection, which arches slightly 
over the stigma ; the upper surface is formed of smooth 
membrane ; the lower surface together with the central 
portion (originally a mass of cells) consists of a very- 
thick layer of viscid matter. This viscid mass is 
hardly separated from the viscid matter thickly coating 
the stigmatic surface which lies close beneath the ros- 
tellum. The projecting upper lip of the anther rests 



on, and opens close over the base of the upper mem- 
branous surface of the tongue-shaped rostellum. The 
anther is kept closed by a spring, at its point of at- 
tacliment on tlie top of the column. The polliiiia 
consist of lour (or eight in Cattl&jct crisjpet^ waxy 
masses, each furnished (see figs. C and 1)) with a 
ribbon-like tail, formed of a bundle of highly elastic 
threads, to which numerous separate pollen-grains are 
attached. The pollen therefore consists of two kinds, 
namely, waxy masses and sejiarate though compound 
grains (each, as usual, consisting of four) united by 
elastic threads. This latter kind of polleu is identical 
with that of Epipactis and other Keottem.* These tails, 
with their appended pollen-grains, act as ' caudicles,’ 



* Tlie pollen*jimssea of Bletia 
aro udjoirably reprefitfnttnd un n 
large scale in Bauer's diawmgH^ 



l>ublislied by Bindley in hia * 
luiitmtioiis/ 
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and are thus designated, for they serve as the means 
for the removal of the larger waxy masses from the 
anther-cells. The tips of the caiidicles are generally 
reflexed, and in the mature flower protrude a little 
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Cattleya, 



a. aotKer. ; 

b. spiiog the top of the columD. 
p. poUeb-miisises* 

r. ro&teUuTn. 

s, stigma, 
coL coiuTTin. 

L labollum, 
n, nectary, 

g, nyarium, or germen. ; 

A, Front view of ooltimi'b^ with all j 
the sepals aad pctalsH’c moved, i 



B- Section and lateral view of the 
tluwer, with all the sepals and 
pet4ils removed, eiccept the bi- 
sected labeilum shown only la 
outline. 

C, Anther viewed on the under side^ 
showing the four caudides with 
the foul* polled-uiasses beneath, 
U* A single pollinium, viewed later- 
ally^ showing the j>g lien-muss 
and caudlde^ 



way out of the anther-case (see fig. A) lying on the 
base of the upper membranous lip of the rostellum. 
The labeilum enfolds the column, making the ilower 
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tubular, and its lower part is produced into a nectary, 
which penetrates tlie ovarium. 

Now for the action of these parts. If any body of 
size proportional to that of the tubular flower be 
forced into it — a dead humble-bee acts very well — the 
tongue-shaped rostellum is depressed, and the object 
often gets slightly smeared with viscid matter ; but 
in withdrawing it, the rostellum is upturned, and a 
surprising quantity of viscid matter is forced over the 
edges and sides, and at the same time into the lip of 
the anther, which is also slightly raised by the up- 
turning of the rostellum. Thus the protruding tips 
of tlie caudicles are instantly glued to the retreating 
object, and the pollinia are withdrawn. This hardly 
e\er tailed to occur in my repeated trials. A living 
bee or other largo insect alighting on the fringed 
edge of the labtdlum, and scrambling into the flower, 
wonkl depress the labellnm and would be less likely 
to disturb the rostellum, until it had sucked the 
nectar and began to retreat. When a dead bee, with 
the four waxy balls of pollen dangling by their 
caudicles from its hack, is forced into another flower, 
some or all of them are caught with certainty by the 
broad, shallow, and highly viscid stigmatic surface, 

«hich likewise tears ofi* the grains of pollen from the 
threads of the caudicles. 

lha,t living humble-bees can thus remove the 
pollinia is certain, feir A\. C. Trevelyan sent tc Mr. 
Smith of the British Museum a Boinlus hortorum, 
which was forwarded to me— caught in his hothouse, 
where a Cattleya was in flower— with its whole back 
between the wings, smeared with dried viscid matter, 
and with the four pollinia attached to it by their 
caudides, ready to he caught hy the stigma of anv 
other flower if the lee had entered one. 
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Those species which I have examined of Lnelia, 
Leptotes, Sophronitis, Earkeria, Phaius, Evelyna, 
Bletia^ Chysisj and Cmloj^yne, rosemhle Cattleya in 
the caudicles of the pollinia being free, and in the 
viscid matter from the rostelliim not coming into 
contact with them wdthont mechanical aid, as well as 
in their general manner of fertilisation. In GcBlogym 
eristata the upper lip of the rostellum is much elon- 
gated. In Evdyna carivata and Chysis eight halls of 
wasy pollen are all united to a single caudicle. In 
Barkeria the lahellum, instead of enfolding the cokimn, 
is pressed against it, and this would efifoctiially compel 
insects to brush against the rostellum. In Epidendrimi 
we have a slight difference ; for the upper surface of 
the rostellum, instead of permanently remaining mem- 
branous, as in the above-named genera, is so tender 
that by a touch it breaks up, together with the whole 
lo^Yer surface, into a mass of viscid mutter. lu this 
ease the whole of the rostellum, together wutli the 
adherent pollinia, must be i^einovcd by insects as they 
retreat from the flower, I observed in E. glaueum that 
viscid matter exuded from the upper surlace of the 
rostellum when touched, as happens with Epipactis. 
In fact it is diflicuit to say, in these cases, whether 
the upper surface of the rostellum should be called 
uiembrane or viscid matter. With Chysis this matter 
sets nearly hard and dry in twenty minutes, and 
quite so in thirty minutes after its removal from the 
rostellum. 

Id Epidendram jiorihmidum there is a rather greater 
difference : the anterior horns of the clinandrum (i. e. 
the cup on the summit of the column in w^hich the 
pollinia lie) approach each other so closely as to 
adhere to the two sides of the rostellum, which con- 
sequently lies in a nick, with the pollinia seated over 
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it ; and as, in this species, tlie upper surface of the 
rostellum resolves itself into viscid matter, the cau- 
dicles of the poliinia become glued to it without any 
mechanical aid. The poliinia, though thus attached, 
cannot, of course, be removed from their anther-cells 
without the aid of insects. In this species it seems 
possible (though, from the position of parts, not 
probable) that an insect might drag the poliinia out 
and leave them on the stigma of the same flower. In 
all the other species of Epideudrum which I examined, 
and in all the above-mentioned genera, it is evident 
that the viscid matter has to be forced upwards into 
the hp of the anther by a retreating insect, which 
would thus necessai-ily carry the poHiaia from one 
flower to the stigma of another. 

Nevertheless, self-fertilisation takes place in some 
Epidendreae. Dr. Criiger says * that " we have in 
Irinidad three plants belonging to this family (a 
Schomburgkia, Cattleya, and Epidendron) which rarely 
open their flowers, and they are invariably found to he 
impregnated when they do open them. In these cases 
it is easily seen that the pollen -masses have been acted 
on by the stigmatic fluid, and that the pollen-tubes 
descend from the pollen-masses in situ down into the 
ovarian canal.” Mr. Anderson, a skilful cultivator of 
Orchids m Scotland, also states that several of his 
Epideiidrem fertilise themselves spontaneously. f In 
the case of CaMleya erfspa, the flowers sometimes do 
not expand properly ; nevertheless they produce cap- 
su es, one of which he sent to me. It contained an 
abundance of seeds, but on examination I found that 



* * Joura. Linn. Soc. Bot.' vol 
viiu 1864, p, ISL 

t ‘Journal of Ilorticultuffi ' 
1 p, 206 aud 287 : in the latter 



paper Mr, gives an Doeount 
of hift niioroflcnpjpal examination 
of the Belf-fertilisMJtl scedfl. 
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only about one per cent contained an embryo. Similar 
seeds were more carefully examined by Mr. Gosse, who 
found that t^vo per cent, contained an embryo. About 
twenty-five per cent, of the seeds from a self-iertilised 
capsule of Lselia cinnaharina^ also sent to me by 
3Ir. Anderson, were found to be good. It is therefore 
doubtful whether the capsules spontaneously self-ferti- 
lised ill the West Indies, as described by I)r, Criiger, 
were fully and properly fertilised. Fritz Miiller in- 
forms me that he has discovered in South Brazil 
au Epidendrum which bears three pollen-producing 
anthers, and this is a great anomaly in the order. 
This species is very imperfectly fertilised by insects ; 
but by means of the two lateral anthers the flowers 
are regularly self-fertilised. Fritz Muller assigns good 
reasons for his belief that the appearance of the tw^o 
additional anthers in this Epidendrum, is a case of 
.reversion to the primitive condition of the whole 
group.* 



* See also ‘ Bot, Zeitung/ 18G0, p. 226, and 1870, p, 152. 
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CHAPTER VI. 

VANDEiE. 

Structure of the column and pollim'a — Importance of the elasticity of 
the j>edicel ; its power of movement — Elasticity and strength of the 
caudicles — Calaiitho witli lateral stigmas, immiier of fertilisation— 
Angrsecum sesqnipedale, wonderful length of nectary— Species with 
the entrance into the siigmatic chamber much contracted, so that ^ 
the pollen-masses can hardly be inserted — ^Coryantlies, extraordinary 
manner of fertilisation. 

We now come to the immense tribe of the Vtmdece, 
wliich includes many of the most magnificent produc- 
tions of our hothouses, but like the Epidendrem has 
no British representative. 1 have examined twenty- 
nine genera. The pollen consists of waxy masses, as 
in the two last tribes, and each ball of pollen is 
furnished with a eaiiclicle, which becomes, at an early 
period of growth, united to the rostelhim. The cau- 
<lic!e is seldom attached directly to the viscid disc, as 
in most of the Oplireoe, but to the upper and posterior * 
suriace of the rostelhim j and this part is removed by 
insects, together with the disc and pollen-masses. The 
sectional diagram (fig. 23), with the parts separated, 
will best explain the type-structure of the Vaiidem. 

As in the rest of the Orchidem there are three con- 
fluent pistils; of these the dorsal one (2) forms the 
rostellum arching over the two others (3) whicli unite 
to form a single stigma. On the left hand we have 
tlie filament (1) bearing the anther. The anther opens 
at an early period, and the tips of the two caudicles 
(hut only one caudicle and one pollen-mass are re- 
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presented in tlie diagram) protrude in a not fully- 
hardened condition through a small slit, and adhere to 
the back of the rostellom* The upper surface of the 
rostellnnx is generally hollowed out for the reception 
of the pollen-masses ; it is represented as smooth in 
the diagranij but is really often furnished with crests 

Fig, 23. 

anther, cauiilcle. 

V I pedicel of 

pollen, V / y rojstellum- 



filament 
of anther 



Imaginary Section, illustrative of the structure of the column in the 

Yandkje, 

(1,) The filament^ bearing the an- 
ther with its pollen-matisefi ; 
the anther is represented after 
it has opened along its whole 
under surface, so that the 
sectiou shows only the dorsal 
surface. 



(2.) The tipper pistil, with the 
upper part modified into the 
rostellum, 

(3,) The two lower continent pistils, 
bearing the two confluent 
stigmas. 



or knobs for tlio attacliment of the two candicles. 
The anther afterwards opens more widely along its 
under surface, and leaves the two pollen-masses un- 
attached, excepting by their candicles to the rostelinm. 

During an early period of growth, a remarkable 
change has been going on in the rostellum : either its 
extremity or its lower surface becomes excessively 
viscid (forming the viscid disc), and a line of separa- 
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the whole upper surface of the rostolhim, as far back 
as the point of attachment of the candicles. If any 
object now touches the viscid disc, itj together with 
the whole back of the rostellnm, the caudicles and 
pollen-masses, can all be readily removed together. 
In botanical works the whole structure between the 
disc or viscid surface (generally called the gland) aiul 
the balls of pollen is designated as the caiidicJe ; but 
us these parts play an essential part in the fertilisation 
of tlie flower, and' as* they are fundamentally different 
in their origin and in their minute structure, I shall 
call the two elastic r<>pes, which are developed strictly 
within the anther-cells, the caudicles ; and the portion 
of the rostellum to which the caudicles are attached 
(see diagram), and winch is not \dscid, the pedicel. 
The viscid portion of the rostellunr I shall call, as 
heretofore, the viscid surface or disc. The whole may 
l>e conveniently spoken of as the pollinium. 

In the Ophreaj we liave (except in 0. pyramidalis 
and a few other species) two separate viscid discs. In 
theVandem, with the exception of Angrsecnm, we have 
only one disc. The disc is naked, or is not enclosed 
in a pouch. In Ilabenaria the discs, as we have seen, 
are separated from the two caudicles by short drum- 
like pedicels, answering to the single and generally 
much more largely developed pedicel in the Yandea*. 
In the Ophrem the caudicles of tlie pollinia, though 
elastic, are rigid, and serve to place the packets of 
pollen at the right distance from the insect’s head or 
proboscis, so as to reach the stigma. In the Yandem 



The two caudicles in the Yandere are embedded and 
attached within a deep cleft in the pollen-masses, 



this end is gained by the pedicel of the rostellum. 
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and until stretched are rarely visible, for the pollen- 
masses lie close to the pedicel of the rostelhim* These 
caudicles answer both in position and function to the 
elastic threads, by which the packets of pollen are tied 
together in the Ophreie, at the point where they become 
confluent ; for the function of the true caudicle in the 
Vandeje is to break when the masses of pollen, trans- 
ported hy insects, adhere to the stigniatic surface* 

In many Vandese the caudicdes are easily ruptured, 
and the fertilisation of the flower, as far as this jjoiiit 
is concerned, is a simple affair ; but in other cases their 
strength, and the length to W'hich they can be stretched 
before they break, are surprising, I w-as at first per- 
plexed to understand w^bat purpose these qualities 
could serve* The explanation probably is that the 
pollen-masses in this tribe aro very precious objects ; 
in most of tlie genera a flower produces only tw^o, and 
judging from the size of the stigma both are generally 
left adhering to it. In other genera, however, the 
orifice leading into the stigma is so small that probably 
only one pollen -mass is left on it, and in this case the 
pollen from one flow'er would suffice to fertilise two 
flowers, but nevei^ a greater number. From the large 
size of the flow ers of many of the Vandeee, they no 
doubt are fertilised by large insects, and these whilst 
flying about w'ould be likely to brush away and lose 
the pollinia atbiched to them, unless the caudicles were 
very strong and highly elastic. So again, when an 
insect thus provided visited a flow'er either too young, 
with its stigma not yet sufficiently adhesive, or one 
already impregnated, with its stigma beginning to dry, 
the strength oi the caudicle would prevent the pollen- 
masses from being uselessly removed and lost* 
Although tho stigmatic surface is astouishingly 
adhesive at the proper period in many of these OrcliidSi 
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for instance, in Phalacnopsig and Saccolabinm, yet wlieii 
I inserted their polllnia attached to a rough object into 
the stigmatic chamber, they did not adhere with suffi- 
cient force to prevent their removal from the object* I 
even left them for some little time in contact with the 
adhesive surface, as an insect would do whilst feeding ; 
but when I pulled the pollinia straight out of the 
stigmatic chamber, the caudicles, though they were 
stretched to a great length, did not rupture, nor did 
their attachment to the object yield so that the balls 
of pollen w^ere withdrawn. It then occurred to me 
that an insect in flying away would not pull the 
pollinia straight out of the chamber, but would pull 
at nearly right angles to its orifice. Accordingly I 
imitated the action of a retreating insect, and dragged 
the pollinia out of the stigmatic chamber at right 
angles to its orifice ; and now the friction on the 
^aiidicles thus caused, together with the adhesiveness 
of the stigmatic surface, generally siifiiccd to rupture 
them; the pollen-masses being left on the stigma. 
Thus, it seems that the great strength and extensi- 
bility of the caudicles, which, until stretched, lie em- 
bedded within the pollen-masses, serve to protect the 
pollen-masses from being accidentally lost by an insect 
whilst flying about, and yet, by friction being brouglit 
into play, allow them at the proper time, to be left 
adhering to the stigmatic surface ; the fertilisation of 
the flower being thus safely effected. 

The discs and j)edicels of the pollinia present great 
divemties in shape, and an apparently exliaiistless 
number of adaptations, liven in species of the same 
genus, as in Oncidium, these parts differ greatly, 1 
here give a few figures (fig. 24), taken almost at hazard* 
Ihe pedicel generally consists, as far as 1 have seen, 
ot a thin ribbon-shaped membrane (ti^r* A) ; sometimes 
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it is almost cylindrical (fig. C) but often of the most 
diversified shapes* The pedicel is generally nearly 
straight, but in MtUo7iia doivesii it is naturally curved ; 



i\ssumes, after removal, various shapes* The extensible 
and elastic eaudicles, by which the pollen-masseg are 
attached to the pedicel, are barely or not at all visiHe, 
being embedded in a cleft or hollow within each 
pollen-mass. The disc, which is viscid on the under 
side, consists of a piece of thin or thick membrane of 



D* Pollmium of tcreii- 

^ ^ - /o/i'u5 after depresilon. 

niter partial depresaloD. I 



Oncidinm, with the pedicel attached at one end, instead 
of, as is more usual, nearly to the centre* In Afif^TWCUTti 
distichum and sesquipedah the rostellum is notched, 
and two separate, thin, membranous discs can be 
removed, each carrying by a short pedicel a pollen- 
mass. In Sdreanthus teretifoUus the disc (fig' 1^) 



and in some cases, as we shall immediately see, it 
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C* PollLEiium of StaTihopea soccata 
After depression, 



B. PolliriEum of Bra<i$Lt nuicuhia 
(copied from Bauer)* 



varied forms* In Acropera it is like a pointed cap ; 
in some cases it is tongue-shaped, or heart-shaped 
(fig. C), or saddle-shaped, as in some Jlaxillarias, or 
like a thick cushion (fig. A), as in many species of 
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very oddly sliapod ; and as the stigmatic chamber 
is deep and likewise curiously shaped, we are led to 
believe that the disc is fastened with great i>recision 
to the square projecting head of some insect.* 

In most cases there is a plain illation between the 
length of the pedicel and the depth of the stigmatic 
chamber, into which the pollen-masses liave to be 
inserted. In some few cases, however, in which a long 
pedicel and a shallow stigma co-exist, we shall presently 
meet with curious compensating actions. After the 
disc and pedicel have been removed, the shape of the 
remaining part of the rostellum is of course altered. 
I)eing now slightly shorter and thinner, and sometimes 
notched. In Staiihopea, tlie entire circumference of 
the extremity of the rostellum is removed, and a thin, 
pointed, need] e-like process alone is left, which origin- 
ally ran up the centre of the disc. 

If we now turn to the diagram (fig. 23, p. 150), and 
suppose the rectangularly bent rostellum to be thinner 
and the stigma to lie closer beneath it than is there 
represented, we shall see that, if an insect with a polli- 
nium attached to its head were to fly to another flower 
and occupy exactly the same position which it held 
whilst the attachment was effected, the pollen-masses 
wuuld be in the right position for striking the stigma, 
especially if, from their weight, they were to become 
ill the least degree depressed. This is all that takes 
]>lace in Lyeaste sJeinnerii, Cymhidium giganteum, 
Zygopetalum mackai, Angrmeum ehurneum, MtKonia 
cloivesii, in a Warrea, and, I believe, in Gcdeandra 
junJeii. But if in our diagram w^e suppose, for instance. 



* I mny here remark that Del* 
pino {* Feoontlazioiie nelle Diaate/ 
Firenze, 1867, p* 19) Bays ho bus 
examined bowerij of Vanda, Ooci- 



dium, Epidendrum, Phniiis, and 
Demlrobinm, and is aide to con-* 
firm in general my statements. 
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the stigma to be seated at the bottom of a deep cavity, 
low down in the column, or the anther to be seated 
higher up, or the pedicel of the rostellum to slope 
more upwards, &c* — -all of which contingencies occur 
in various species, — in such cases, an insect with a 
pollininm attached to its head, if it flew' to another 
flower, would not place the pollen-masses on the 
stigma, unless their position had become greatly 
changed after attachment. 

This change is effected in many Vandem in the same 
manner as is so general with the Ophreae, namely, by a 
movement of depression in the pollinium in the course 
of about half a minute after its removal from the 
rostellum, I have seen this movement eonspiciiouslv 
displayed, generally causing the pollinium to rotate 
through about a quarter of a circle, in several species 
of Oncidium, Odontoglossum, Brassia, Vanda, Aeridcs, 
Sarcanthus, Saccolabiiim, Acropera, and Maxillaria. 
In RodriguezicL suuveolens tho movement of depression 
is remarkable from its extreme slowness ; in Euhphia 
viridts from its small extent, Mr, Charles Wright, in 
a letter to Professor Asa (-Tiay, says that he observed 
in Cuba a pollinium of an Oncidium attached to a 
humble-bee, and he concluded at first that I w^as 
completely mistaken about the movement of depres- 
sion ; but after several hours it moved into the proper 
position for fertilising tho flower. In some of the 
cases above specified in w hich the pollinia apparently 
undergo no movement of depression, I am not sure that 
there was not a very slight one after a time. In the 
vaiious OphretO the anther-cells are sometimes seated 
exteriorly and sometimes interiorly with respect to 
the stigma ; and there are corresponding out w aid and 
inwaid movements in the pollinia r but in the Vaiidete 
the anther-cells always lie, as far as 1 have seen, 
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directly over the stigma, and the movement of the 
]>oIliiiium is always directly downwards. In Calanthe, 
however, the two stigmas are placed exteriorly to the 
anther-cells, and the pollinia, as we shall see, are made 
to strike them by a peculiar mechanical arrangement 
of the parts. 

In the Ophrem the seat of contraction, which causes 
tlie act of depression, is in the upper surface of the 
viscid disc, close to the point of attachment of the 
caudicles : in most of the Vandeae the seat is likewise 
ill the upper surface of the disc, but at the point 
where the pedicel is united to it, and therefore at a 
considerable distance from the point of attachment of 
the true caudicles. The contraction is hygrometric, but 
to this subject I shall return in the ninth chapter; 
therefore the movement does not take place until the 
polliuium has been removed from the rostellum, and 
tlie point of union between the disc and pedicel has 
been exposed for a feiv seconds or minutes to the air. 
If, after the contraction and consequent movement of 
the pedicel, the whole body be placed into water, the 
pedicel slowly moves back and resumes its former 
position ivith respect to the viscid disc. When taken 
out of water, it again undergoes the movement of de- 
pression. It is of importance to notice these facts, as 
ive thus get a test by which this movement can be 
distinguished from certain other movements. 

In Maxillaria ornithorhyncha, we have a unique case. 
The pedicel of the rostellum is much elongated, and 
is entirely covered by the produced front lip of the 
anther, and is thus kept damp. When removed it 
bends quickly backwards on itself, at about its central 
point, and thus becomes only half as long as it was 
before. When placed in water it resumes its original 
straight form. If the pedicel had not been in some 
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niamier sliorteiiedj it la hardly possible that the flower 
could have been fertilised. After this movement, the 
polliuium attached to any small object can be inserted 
into the flower, and the balls of pollen readily adhere 
to the stigmatic aurliice. Here we have an instance 
of one of those compensating actions in the pollinia^ 
before alluded to, in relation to the shallowness of 
the stigma. 

In some cases, besides hygronietric movements, 
elasticity comes into play. In Aerides odorata and 
mrenBy and in an Oncidimn {roseum ?), the pedicel of 
the rostellum is fastened down in a straight line, at 
one extremity by tlie disc, and at the other by the 
anther ; it has, however, a strong elastic tendency to 
spring up at right angles to the disc. Consequently, 
if the pollinium, attached by its viscid disc to some 
object, is removed from the anther, the pedicel instantly 
springs up and stands at nearly right angles to its 
former position, with the pollen-masses carried aloft. 
This has been noticed by other observers ; and I agree 
with them that the object gained is to free the pollen- 
masses from the anther-cells. After this upward elastic 
spring, the downward hygrometric movement imme- 

e ces, which, oddly enough, carries the 
pedicel back again into almost exactly the same 
position, relatively to the disc, which it held whilst 
lorming part of the rostellum. In Aerides the end of 
the pedicel, to which the pollen-masses are attached 
by short dangling caudicles, after springing up, remains 
a little curved upwards ; and this curvatiire seems 
well adapted to drop the pollen-masses into the deep 
stigmatic cavity over tlie ledge in front. The difler- 
ence between the first elastic and the second or re- 
versed hygrometric movement, was well shown by 
placing the pollinium of the above Oncidium into 
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water, after both movements had taken place; and 
the pedicel then moved into^ the same position \vhieh 
it had at first assumed through its elasticity ; this 
movement not being in any way affected by the 
water. When taken ont of ^vater the hygrometric 
movement of depression soon commenced for the 
second time. 

In Rodriffuezia secunda there was no hygrometric 
movement of depression in the pedicel as in the before- 
mentioned i?, siiaveolenSf but there was a rapid down- 
ward movement, due to elasticity, and of this I have 
seen no other instance ; for when the pedicel was put 
into water it showed no tendency to recover its original 
position, as occurred in many other cases. 

In Phalssnopsis grayidijiora and amahilis the stigma 
is shallow and the pedicel of the rostellum long. 
Some compensating action is therefore requisite, which, 
differently from that in MaxiUaria ornUhorktj7icha is 
effected by elasticity* There is no movement of de- 
pression ; but, when the pollinium is removed, the 
straight pedicel suddenly curls up in the middle, thus 
( J : the full-stop on the left hand may re- 

pi'esent the balls of pollen, and the thick hyphen to 
the right may be supposed to represent the triangu- 
larly shaped disc* The pedicel does not straighten 
itself w'hen placed in >vater. Tlie end carrying the 
balls of pollen is a little raised up after this elastic 
movement, and the pedicel, with one end raised, and 
with the middle part upwardly bowed, is well adapted 
to drop the pollen-masses into the deep stigmatic 
cavity, over a ledge in front* Fritz Jliiller informs 
me of a case in which the shortening of a very long 
pedicel is effected partly by elasticity and partly by a 
hygrometric movement. A small Ornithocephalus, 
growing in South Brazil, has a very long pedicel, 
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which is shown closely attached to the rosteUuni in 
the accompanying figure A* 



PoLLiNiL'ii OF Ornitiiocepualcs. (From a sketcli by Friti Mailer*) 



ma.K4i itill lying iti the cU- C* Pollintunr in the (iositied ul- 



The pedicel when freed suddenly bends into the 
form represented at B, and soon afterwards owdng to 
the hygrometric contraction curls up into the odd 
figure shown at C. hen placed in water it resumes 
the form represented at B. 



Fig. 25* 







B. Poliiniuui iu the position which 
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la Calanthe masuca and the hybrid C. dominii the 
structure is very different to what it is in most other 
Vandea}. We here have two oval, pitdike stigmas 
on each side of the rostelluin (fig. 26). The viscid 
disc is oval (fig. B), and has no pedicel, but eight 
masses of pollen are attached to it by very short and 



Fig, 38. 




Calajo’he masuca. 



jj. pollcD-massGS, 
js the two stigmas* 
mouth of nectary* 

L labellum, 
d- viscid disc. 

cl. in fig* C, clinandrum, the pol- 
kn-mnssos being removed. 

A, Flow'er viewed from above, with 
the anther -case removed, 
showing the eight pollen- 
masses in their proper position 
within the clinandrum* All 
the sepals and petals have been 
cut away except the lahelium* 



B* Pollen-masses attached to the 
viscid disc, seen from the 
under side. 

C. Flower in same position as in A, 
but with the disc and pollen- 
masses removed, and now' 
showing the deeply notched 
rostellum and the empty clin- 
andrum in w'hich the pollen 
masses lay* Within the left- 
hand stigma two pollen- 
masses may be seen adhering 
to its viscid surface* 



easily ruptured caudicles. These pollen-masses radiate 
from the disc like the leaves of a fan* The rostellum 
is broad, and its sides slope on each side towards the 
lateral pit-like stigmas* When the disc is removed 
the rostellum is seen (fig* C) to be deeply notched 
lu the middle* The labellum is united to the column 
almost up to its summit, leaving a passage {n^ A) to 
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tlie long nectary close beneath the rostelhim* The 
labellum is studded with singular, wartlike, globular 
excrescences. 

If a thick needle be inserted into the mouth of the 
nectary (fig. A), and then withdrawn, the viscid disc 
is removed, bearing with it the elegant fan of ratliating 
pollen-masses. These undergo no change in position. 
But if the needle be now inserted into the nectary of 
another flower, the ends of the pollen-masses neces- 
sarily hit the upper and laterally sloping sides of the 
rostellum, and, glancing oif both ways, strike down 
into tbe two lateral pit-like stigmas. The thin cau- 
dicles being easily ruptured, the pollen-inasses are left 
adhering like little darts to the viscid surface of both 
stigmirs (see left-hand stigma in fig. C), and the fertili- 
sation of the flower is completed in a simple manner 
pleasiug to behold. 

I should have stated that a narrow transverse rim of 
stigmatic tissue, beneath the rostellum, connects the 
two lateral stigmas ; and it is probable that some ot 
the middle pollen-masses may be inserted through the 
notcli in the rostellum, so as to adhere to this rim. 
I am the more inclined to this opinion from having 
found in the elegant Calanthe vestita the rostellum 
extending so widely over the two lateral stigmas, that 

apparently all the pollen-masses must be inserted 
beneath its surface. 

The Angrmeum sesquipedale^ of which the large six- 
rayed flowers, like stars formed of snow-ivhito wax, 
have excited the admiration of travellers in Sladagascar, 
must not bo passed over* A green, whip-like nectary 
of astonishing length hangs down beneath the label- 
liim. In several flowers sent me by Mr* Bateman I 
found the nectaries elev^en and a half inches long, with 
only the lovver inch and a half filled with nectar. 
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Wliat can be the use, it may be asked, of a nectary of 
such disproportionate length ? We shall, I think, see 
that the fertilisation of the plant depends on this 
length, and on nectar being contained only within the 
lower and attenuated extremity. It is, however, sur- 
prising that any insect should be able to reach the 
nectar. Our English sphinxes have proboscides as long 
as their bodies; but in Madagascar there must be 
moths with proboscides capable of extension to a length 
of between ten and eleven inches! This belief of 
mine has been ridiculed by some entomologists, but we 
now know from Fritz Muller * that there is a sphinx- 
moth in South Brazil which has a proboscis of nearly 
sufficient length, for when dried it was between ten 
and eleven inches long. When not protruded it is 
coiled up into a spiral of at least twenty windings. 

The rostellum is broad and foliaceous, and arches 
rectangularly over the stigma and over the orifice of 
the nectary : it is deeply notched by a cleft enlarged 
or widened at the inner end. Hence the rostellum 
nearly resembles that of Calanthe after the disc has 
been removed (see fig. 26, 0). The under surfaces of 
both margins of the cleft, near their euds, are bordered 
by narrow strips of viscid membrane, easily removed ; 
so that there are two distinct viscid discs. A short 
membranous pedicel is attached to the middle of the 
upper surface of each disc ; and the pedicel carries a 
polleu-niass at its other end. Beneath the rostellum 
a narrow, ledge-like, adhesive stigma is seated. 

I could not for some time understand how the 
pollinia of this Orchid were removed, or how the 
stigma was fertilised. I passed bristles and needles 



223 *^ ^^*'**^^ “ drawing by Hennaim Sluller, • Nature 
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down tlie open entrance into the nectary and through 
the cleft in the rostellum with no result. It then 
occurred to mo that, from the length of the nectary, 
the flower must be visited by large moths, with a 
proboscis thick at the base ; and that to drain the last 
drop of nectar, even the largest moth would have to 
force its proboscis as far down as possible. Whether 
or not the moth first inserted its proboscis by the open 
entrance into the nectary, as is most probable from the 
shape of the flower, or through the cleft in the ros- 
telliim, it would ultimately be forced in order to drain 
the nectary to push its proboscis through the cleft, 
for this is the straightest course ; and by slight pressure 
the whole foliaceous rostellum is depressed. The dis- 
tance from the outside of the flower to the extremity of 
the nectary can be thus shortened by about a quarter 
of an inch. I therefore took a cylindrical rod one- 
tenth of an inch in diameter, and pushed it down 
through the cleft in the rostellum. The margins 
readily separated, and w'ere piished downwards together 
with the whole rostellum. When I slowdy w ithdrew the 
cylinder the rostellum rose from its elasticity, and 
the margins of the cleft were upturned so as to clasp 
the cylinder. Thus the viscid strips of membrane on 
each under side of the cleft rostellum came into contact 
with the cylinder, and firmly adhered to it ; and the 
pollen-masses were withdrawn. By this means I suc- 
ceeded every time in withdrawing the pollinia ; and 
it cannot, I think, be doubted that a large moth w'ould 
thus act; that is, it w^ould drive its proboscis up to 
tho very base through the cleft of the rostellum, so as 
to reach the extremity of the nectary ; and then the 
pollinia attached to the base of its proboscis would he 
safely withdrawn. 

I did not succeed in leaving the pollen-masses on 





4a. . ^ r l 








Chap. VI. ANGRJECCM SESQUIPEDALE. 165 

the stigma so well as I did in withdrawing them. As 
the margins of the cleft rostellum must be upturned 
before the discs adhere to a cylindrical body, during 
its withdrawal, the pollen-masses become affixed some 
little way from its base. The two discs did not always 
adhere at exactly opposite points. Now, when a moth 
with the pollinia adhering to the base of its proboscis, 
inserts it for a second time into the nectary, and exerts 
all its force so as to push down the rostellum as far as 
pos.sible, the pollen-masses will generally rest on and 
adhere to the narrow, ledge-like stigma which projects 
beneath the rostellum. By acting in this manner with 
the pollinia attached to a cylindrical object, the pollen- 
masses were twice torn off and left glued to the stig- 
matic surface. 

If the x\ngraecum in its native forests secretes more 
nectar than did the vigorous plants sent me by Sir. 
Bateman, so that the nectary ever becomes filled, small 
moths might obtain their share, but they would not 
benefit the plant. The pollinia would not be with- 
drawn until some huge moth, with a wonderfully long 
proboscis, tried to drain the last drop.* If such great 
moths were to become extinct in Madaga.scar, assur- 
edly the Angrmeum would become extinct. On the 
other hand, as the nectar, at least in the lower part 
of the nectary, is stored safe from the depredation of 
other insects, the extinction of the Angraecum would 
probably be a serious loss to these moths. We can 
thus understand how the astonishing length of the 

* Mr, Belt suggests (‘ The Na- 
taraliijt in Nicaragua/ 1874j p, 

133} that tbe great length of the 
nectary of this plant Berves to 
prevent other motlis which are 
Bet wrell-adapted for the fertilisa- 
tion of the flowers from auclcing 
the Gcctar, and that its develop* 



meet can thus be accounted for, 
I have no doubt of the truth of 
this principle, but it \s hardly 
applicable here, as the moth has 
to be compelled to drive its pro- 
boscis as deeply down aa possible 
into the flower* 
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nectary liad been acquired by successive modifications. 
As certain moths of Jladagascar became larger tbrough 
natural selection in relation to their general conditions 
of life^ either in the larval or mature state, or as the 
proboscis alone was lengthened to obtain honey from 
the Angraecnm and other deep tubular flowers, those 
individual plants of the Angraccum which had the 
longest nectaries (and the nectary varies much in 
length in some Orchids), and which, consequently, 
compelled the moths to insert their proboscides up to 
the very base, w^ould be best fertilised. These plants 
w'ould yield most seed, and the seedlings ivould 
generally inherit long nectaries; and so it wmld be 
in successive generations of the plant and of the moth. 
Thus it would appear that there has been a race in 
gaining length between the nectary of the Angrmeum 
and the proboscis of certain moths ; but the Angriecum 
has triumphed, for it flourishes and abounds in the 
forests of Madagascar, and still troubles each moth 
to insert its proboscis as deeply as possible in order to 
drain the last drop of nectar. 

I could add descriptions of many other curious 
structures in the \andese, more especially from the 
letters ot Fritz Miiller with respect to those of Brazil ; 
but the reader would be wearied* I must, however, 
make a few remarks on certain genera, the fertilisation 
of which remains a mystery, chiefly on account of the 
narrowmess of the mouth of the stigma, as this renders 
the insertion of the pollen-masses extremely difficult. 
Two closely allied species or varieties of Acropera, viz-, 
A, luteola and loddiges?i have been observed by me 
during several seasons, and every detail of their struc- 
ture seems as if specially adapted to render their 
fertilisation almost impossible* I have met with hardly 





Chip. VI. ACnOPERA, AND SOME ALLIED GENERA. 167 

any other such case, not that I fully understand the 
contrivances in any Orchid, for new and admirable 
ones become apparent, the longer I study even one of 
our commonest British species. 

The thin and elon gate drostell urn of Acropera projects 
at right angles to the column (see diagram, fig, 23, p. 
150) ; and the pedicel of the pollinium is of course 
equally long and much thinner. The disc consists of 
an extremely small cap, viscid within, which fits on 
the extremity of the rostellum. The viscid matter 
sets hard but slowly. The upper sepal forms a hood 
enclosing and protecting the column. The labellum 
is an extraordinary organ, baffling all description : it 
is articulated to the column by a tliin strap, so elastic 
and flexible that a breath of wind sets it vibrating. 
It hangs downwards; and the retention of this posi- 
tion seems to be of importance, for the footstalk (ova- 
rium) of each flower is curved into a semicircle, so 
as to compensate for the pendulous habit of the plant. 
The two upper petals and the lateral lobes of the 
labellum sei-ve as guides leading into the hood-like 
upper sepal. 

The pollinium, when adhering by its disc to an 
object, undergoes the common movement of depression ; 
and this seems superfluous, for the stigmatic cavity lies 
(see diagram, fig. 23) high up at the base of the rect- 
angularly projecting rostellum. But this is a com- 
paratively trifling dififlculty ; the real difficulty lies in 
the orifice of the stigmatic chamber being so narrow 
that the pollen-masses, though consisting of thin sheets, 
can hardly be forced in. I repeatedly tried, and suc- 
ceeded only three or four times. Even after leaving 
them to dry for four hours before a fire, and thus to 
shrink a little, I rarely succeeded in forcing them 
into the stigma. I examined quite young flowers and 
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almost withered ones, for I imagined that the month 
of the chamber might he of larger size at some period 
of growth ; hut the difficulty of insertion remained 
the same. Now when we observe that the viscid disc 
is extraordinarily small, and consequently its power of 
attachment not so firm as with Orchids having a lar<»e 
disc, and that the pedicel is very long and thin, it 
would seem almost indispensable that the stigmatic 
chamber sliould be unusually large for the easy 
insertion of the pollinium, instead of being much con- 
tracted. Jloreover, the stigmatic surface, as Dr. Hooker 
has lilcewise observed, is singularly little adhesive ! 

The flowers when ready for fertilisation do not 
secrete nectar * but this is no difficulty, for as Dr. 
Criiger has seen humble-bees gnawing the projections 
on the label lum of the closely allied Gm^ora maculata, 
there can he little doubt that the distal cujj-shaped 
part of the labelliim of Acropera offers a similar at- 
traction to insects. After numberless trials in many 
ways, I have found that the pollinia can be removed 
with certainty only by pushing the rostellum a little 
upwards with a camel-hair brush, held in such a 
position that the tip slides along the under side of the 
rostellum, so as to brush off the little viscid cap on its 
extremity, into which the hairs enter and are glued 
fast. 1 further find that if the brush with a pollinium 
thus attached to its tip is pushed into and then with- 
drawn from the stigmatic cavity^ the mouth of which 
is furnished with a sharp ridge, the end of the pedicel 



* Mr. Scott Ima observed that 
after the flowers of Acropera and 
of two flpeciea in the allied genuu 
of Gongora have boon fortiliaed, 
an abundance of noctar eludes 
from Ibo front of the oolunm i hut 



fit BO other time could he finil a 
trace of noctar. Thia exudatioD 
can* therefore, be of bo use to tlie 
plant with reepect to ita fertili- 
eation, and must bo viewed as au 
excretion. 
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which bears the viscid cap is often left sticking within 

the chamber, with the pollen-masses close outside. 

31any flowers were thus treated, and three of them 

produced fine capsules. Mr. jScott also succeeded in 

fertilising two flowers in the same apparently unnatural 

manner, as he likewise did on one occasion by placing 

a pollen-mass, moistened with the viscid matter from a 

distinct kind of Orchis, at the mouth of the stigmatie 

chamber. These facts lead me to suspect that an 

insect with the extremity of its abdomen produced 

into a sharp point alights on the flower, and then turns 

round to gnaw the distal portion of the labellum. . In 

doing so it removes the pollinium, the viscid cap of 

which adheres to the extremity of its abdomen. The 

insect then visits another flower, by W'bicb time the 

movement of depression will have caused the pedicel 

to lie flat on its back; and from occupying the same 

position as before, the insect will be apt to insert the 

end of its abdomen into the stigmatie chamber, and 

the viscid cap will- then be scraped off by the ledge in 

tront, and the pollen-masses will be left close outside, 

as in the above experiments. The whole operation 

would probably be aided by the oscillatory movement 

of the labellum whilst gnawed by an insect. This 

whole view is very improbable, but it is the only one, 

as far as I can see, which explains the fertilisation of 
the flower. 

The allied genera G-ongora, Acineta, and Stanhopea 
present nearly the same difficulty from the narrowness 
ot the entrance into the stigmatie chamber. Mr. 
CO tried repeatedly but in vain to force the pollen- 
sses into the stigma of Gonffovci atro-purpuTea and 
truncata; but he readily fertilised them by cutting off 
c e mandrum and placing pollen-masses on the now 
exposed stigma; as he likewise did in the case of 
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Acropera. Dr» Criiger says * that Gonffora maeulafa 
often bears fruit in Trinidad. It is visited, exclu- 
sively during the day, as far as I can see, by a splendid 
bee, probably a Euglossa, but with the tongue nearly 
twice as long os the body. The tongue passes out 
behind the abdomen, and is there curved upwards. 
As these bees only come for biting and gnawing the 
anterior side of the labellum, the protruding tongue 
touches or approaches the gland (i. e., viscid disc) at 
every retrograde movement of the insect. By this it 
can hardly fail to be loaded sooner or later with the 
poUen-massos, which are then easily inserted into the 
stigraatic cleft. I have, however, not as yet observed 
this fact.’' I am surprised that Dr. Criiger should 
speak of the pollen-masses being easily inserted, and I 
suppose that he must have experimented with dried 
and shrunken ones. The doubled-up, immensely elon- 
gated proboscis, projecting beyond the abdomen, would 
answer as well as a pointed extremity to the abdomen, 
which in the case of Acropera I imagine is the instru- 
ment for removing the pollen-masses ; but I presume 
that with Gongora it is not the viscid disc, but the 
broad and free ends of the pollen-masses which are in- 
serted into the stigmatic cavity. As in the ease of 
Acropera, I found it scarcely possible to insert the 
pollen-masses of Gongora into the stigma ; but some 
which were removed from the anther and loft exposed 
to the sun for nearly five hours, became much shrunk 
and formed thin sheets ; and these could be inserted 
without much difficulty into the cleft-like entrance 
of the stigma. The pollinia attached to an insect 
flying about in the torrid zone would shrink after a 
time; and the delay thus caused would ensure the 



* * Journ. Lmn, Soc. Bot,* vol. viii, 1S64, p. 131. 
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flowers being fertilised with pollen from a distinct 
plant. 

With respect to Stanhopea, Dr. Criiger says* that 

in the West Indies a bee (Euglossa) often visits the 

flowers for the sake of gnawing the labellum, and he 

caught one with a pollinium attached to its back ; but 

he adds that he cannot understand how the pollen- 

masses are inserted into the narrow mouth of the stigma. 

With StanJuypea oeidata I found that the pollinia could 

almost always be attached to my naked or gloved 

finger, by gently sliding it dowm the concave surface 

of the arched column ; but this occurred only within a 

short time after the expansion of the flowers, w-hilst 

they are highly odoriferous. By again sliding my 

finger down the column, the pollinia were almost 

always rubbed oflT by the sharp edge of the stigmatic 

chamber, and were left adhering close to its entrance. 

Flowers thus treated occasionally, though rarely, 

yielded capsules. The removal of the pollinia from 

my finger seemed to depend on the existence of a 

point projecting beyond the viscid disc, and which I 

suspect is specially adapted for this purpose. If this 

be so, the pollen-masses must emit their tubes without 

being inserted into the stigmatic chamber. I may 

add that the pollen-masses shrink very little by being 

thoroughly dried, and could not in this state he easily 
inserted. 

The entrance into the stigma is in like manner, 
as I hear from Fritz Muller, t so much contracted in 
irrhsea and Notylia, which belong to another sub- 
II ision of the Vande®, that the pollinia can be inserted 



_ Joum. LinD. Soc. Bot.* vol. 
viil. 1864, p. 130. BroDii has 
aeacnbtd the structure of Sian' 
ftopea demnmim, in hia German 



tmo elation of the first odition of 
this work, 

t ‘ Zeitung/ p. 630. 
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into it only with extreme dilSeulty, In the case of 
CiiThaea, he found that this could be effected more 
easily, after they had shrunk a little from being left 
to dry for half an hour or an hour. He observed two 
flowers with pollen-masses naturally inserted by some 
means into their stigmas. On several occasions after 
forcing the end of a pollen-mass into the mouth of the 
stigma, he witnessed a most curious process of deglu- 
tition, The extremity of the pollen-mass swells from 
imbibing moisture, and as the chamber gradually 
widens downwards, the sw^elling part is forced down- 
wards ; so that the whole is at last drawn inwards and 
disappears. In the case of Notvlia, Fritz Muller ob- 
served that the entrance into the stigma became a 
little larger after the flower had remained expanded 
for about a w^eek. In whatever manner this latter 
plant is fertilised, it is certain that it must be im- 
pregnated with pollen from a distinct plant ; as it 
oflers one of those extraordinary cases in which its own 
pollen acts like poison on the stigma. 

In the last edition of this work it was shown that 
the ovaria of mature flowers of Acropera do not con- 
tain any ovules. But I erred greatly in the interpre- 
tation of this fact, for I concluded that the sexes w ere 
separate. I w'as how^ever soon convinced of my error 
by Mr, Scott, w^ho succeeded in artificially fertilising 
the flowers with their own pollen. A remarkable dis- 
covery by Hildebrand, * namely, that in many Orchids 
the ovules are not developed unless the stigma is 
penetrated by the poUen-tubea, and that their develop- 
ment occurs only after an interval of several weeks 
.or even months, explains the state of the ovarium 
in Acropera, as observed by me. According also to 

• ‘Bot. Zeitung,’ 1863, Oct. SO, ef de®., fintl Aug. 4, 1865. 
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Fritz 31 tiller, * the ovules of many endemic Epidendrem 
and Yandese in Brazil remain in a very imperfect state 
of development for some months, and even in one case 
for half a year, after the flowers had been fertilised. 
He suggests that a plant which produces hundreds of 
thousands of ovules, would waste much power if these 
were formed and did not happen to be fertilised, and 
we know that fertilisation is a doubtful and difficult 
operation with many Orchids. It would therefore be 
an advantage to such plants, if the ovules were not at 
all developed until their fertilisation was assured by 
the pollen-tubes having already penetrated the stigma. 

Coryanthes . — I will conclude this chapter by giving 
an account of the fertilisation of the flow'ers of Corv- 
anthcSj which is eflected in a manner that might perhaps 
have been inferred from their structure, but would have 
appeared utterly incredible had it not been repeatedly 
witnessed by a careful observer, namely, the late Dr* 
Criiger, Director of the Botanical G-ardens at Trinidad, 
The flowers are very large and hang downwards. The 
distal portion of the labellum (L) in the following wood' 
cut, fig. 27, is converted into a large bucket (B). Two 
appendages (H), arising from the iiarrow^ed base of the 
lahellimi, stand directly over the bucket and secrete so 
much fluid that drops may be seen falling into it. 
This fluid is limpid and so slightly sweet that it does 
not deserve to be called nectar, though evidently of the 
same nature ; nor does it serve to attract insects. 31. 
Jleniere estimates that the total quantity secreted by 
a single flower is about an English ounce, t 3Yiien 
the bucket is full the fluid overflows by the spout (P). 



• ‘ Bot. Zeitung,’ 18C8, p. ICl. 

t ^ BuUetiE de la Soe. Bo-t. de France/ tom. ii. 1855| p. 351. 
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Fritz Muller, * tiie ovules of many endemic Epklendrese 
and Vandese in Brazil remain in a very imperfect state 
of development for some montlis, and even in one case 
for half a year, after the flowers had been fertilised. 
He suggests that a plant which produces hundreds of 
thousands of ovules, would w'aste much power if these 
were formed and did not happen to be fertilised, and 
Me know that fertilisation is a doubtful and difficult 
operation with many Orchids, It w'ould therefore be 
ail advantage to such plants, if the ovules were not at 
all developed until their fertilisation was assured by 
the pollen-tubes having already jjenetrated the stigma. 

C'oryanf/ies. — I will conclude this chapter by giving 
an account of the fertilisation of the flowers of Corv- 
anthes, which is effected in a manner that might perhaps 
have been inferred from their structure, but w'ould have 
appeared utterly incredible had it not been repeatedly 
witnessed by a careful observer, namely, the late Dr. 
Criiger, Director of the Botanical Gardens at Trinidad. 
The flowers are very large and hang dowmwards. The 
distal portion of the labellum (L) in the following wood- 
cut, fig. 27, is converted into a large bucket (B). Two 
appendages (II), arising from the narrowed base of the 
labellum, stand directly over the bucket and secrete so 
much fluid that drops may be seen falling into it. 
This fluid is limpid and so slightly sweet that it does 
not deserve to be called nectar, though evidently of the 
same nature ; nor does it serve to attract insects. M. 
Jileniere estimates that the total quantity secreted by 
a single flower is about an English ounce, t When 
the bucket is full the fluid overflows by the spout (P). 



* ‘ Zeitung,’ 18 G 8 , p. IGl. 

T nulletm de la Soc. Dot. de Franco,’ tom. ii, 1855, p. 351. 
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CoRVASniES SPECIOSA. (Copied from Liadley's ‘ Vegetable KiagJom.’) 



L. Ubellum. 

It. bmiket of the labdlum^ 

H. fluid-secreting appendages. 



P. spout of bucket^ ovcr-arched by 
the end of the column^ bcariag 
the anther and stigma. 
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This spout is closely over-arched by the end of the 
column, which bears the stigma and pollen-masses in 
such a position, that an insect forcing its way out of 
the bucket through this passage would first brush with 
its back against the stigma and afterwards against the 
viscid discs of the pollinia, and thus remove them* 
We are now prepared to hear what Dr. Criiger says 
about the fertilisation of an allied species, the G. 
nvacrantha, the labellum of which is provided with 
crests.* I may premise that he sent me specimens of 
the bees which he saw gnawing these crests, and they 
belong, as I am informed by Mr. F. Smith, to the genus 
Euglossa. Dr. Criiger states that these bees may be 
“ seen in great numbers disputing with each other for 
a place on the edge of the hypochil (i. e. the basal part 
of the labellum). Partly by this contest, partly perhaps 
intoxicated by the matter they are indulging in, they 
tumble down into the ‘ bucket,’ half-full of a fluid 
secreted by organs situated at the base of the column. 
They then crawl along in the w'ater towards the 
anterior side of the bucket, where there is a passage 
tor them between the opening of this and the column. 
If one is early on the look-out, as these Hymenopterm 
are early risers, one can see in every flower how 
fecundation is performed. The humble-bee, in forcing 
its way out of its involuntary bath, has to exert itself 
considerably, as the mouth of the cpichil (i. e. the 
Ulstal part of the labellum) and the face of the column 
nt together exactly, and are very stiff and elastic* The 
first bee, then, which is immersed will have the gland 



* * Journal of Linn, Soo, Bot.' 
vol Tiiu 1864. p, im. There ia 
a drawinpf of this species in Pax- 
lou^B * Jla^. of llolariy,* voL v. p, 
31, but it iii too coinplicQted to 
bo reproduced* There is also a 



dnftAving of C.f&ildmgit m ^Jour- 
nal of llort vol iii. p. 16, 
I am iudebied tn Mr, Thiselton 
Dyor for informing me of thei^e 
Hguiea. 
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of the pollen-mas9 glued to its back. The insect then 
generally gets through the passage, and comes out 
with this peculiar appendage, to return nearly imme- 
diately to its feast, when it is generally precipitated a 
second time into the bucket, passing out through the 
same opening, and so inserting the pollen-masses into 
the stigma while it forces its way out, and thereby im- 
])regnating either the same or some other flower* I 
have often seen this ; and sometimes there are so many 
of these humble-bees assembled that there is a continual 
procession of them through the passage specified.” 

There cannot be the least doubt that the fertilisation 
of the flower absolutely ilepends on insects crawling 
out through the passage formed by the extremity of 
the lahellum and the over-arching column. If the 
large distal portion of the labellum or bucket had been 
dry, the bees could easily have escaped by flying away* 
Therefore we must believe that the fluid is secreted by 
the appendages in such extraordinary quantity and is 
collected in the bucket, not as a palatable attraction 
for the bees, as these are known to gna^v the labellum, 
but for the sake of wetting their wings, aud thus 
(compelling them to crawl out through the passage. 

I have now described, perhaps in too much detail, 
a few of the many contrivances by which the Vandeje 
are fertilised* The relative position and shape of the 
parts — friction, viscidity, elastic and hygrometric move- 
ments, all nicely related to one another — come into 
play* But all these appliances are subordinate to the 
aid of insects. Without their aid, not a plant belong- 
ing to this tribe, in the species of the twenty-nine 
genera examined by me, would set a seed. It is also 
certain in a majority of the cases, that insects withdraw 
the pollinia only when retreating from the flower, and 
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by carrying them away, effect a union between two 
flowers, generally on distinct plants. This can hardly 
fail to occur in all the many cases in which the pollinia 
slowly change their position, when removed from the 
rostellum, in order to assume a proper direction for 
striking the stigma ; for the insects during this in- 
terval will have had time to fly from the flowers on 
oiie plant which will serve as the male, to those 
on another plant which will serve as the female. 
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CHAPTER VIL 

VANDE/E COntmued.— CAT ABETIBM, 

CutaaetidaSt the moat remarkable of all Orchids — The Tnechiiniam bv 
’which the polliuia of Cataaetum are ejected to a distance and are 
transported by inaecta— Sensitiveness of the horns of the roatellum 
—Extraordinary difference in the male, female, and hermaphrodite 
forma of Catnsetnm trideutatum— Mormodes ignea^curiona structure 
of the flowers ; ejection of the polliuia — ^Mor modes luxata^ — Cyc- 
nochea ven tricosum, manner of fertiliaation. 




I HAVE reserved for separate descriptiou one sub-family 
of tlie Vandeae* namely, the Catasetidse, which must, I 
think, he considered as the most remarkable of all 
Orchids. 

I will begin with Catasetum. A brief inspection of 
the flower show s that here, as w ith most other Orchids, 
some mechanical aid is requisite to remove the pollen- 
masses from their cells, and to carry them to the 
stigmatic surface. We shall, moreover, presently see 




that Catasetum is exclusively a male form ; so that 
the pollen-masses must be transported to the female 
plant, in order that seed should be produced. The 
pollinium is furnished with a viscid disc of huge size ; 
hut this, instead of being placed iu a position likely 
to touch and adhere to an insect visiting the flower, is 
turned inwards and lies close to the upper and back 
surface of a chamber, which must be called the stig- 
matic chamber, though fimctionless as a stigma. There 
is nothing in this chamber to attract insects ; aud even 
if they did enter it, the viscid surface of the disc could 
not possibly come into contact with them. 
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How then does Kature act ? She has endowed these 
plants with, what must be called for want of a better 
term, sensitiveness, and with the remarkable power of 
forcibly ejecting their pollinia even to a considerable 
distance. Hence, when certain definite points of the 
flower are touched by an insect, the pollinia are shot 
forth like an arrow, not barbed however, but havinf^ 
a blunt and excessively adhesive point. The insect, 
1 sturhed b\ so sharp a blow, or after having eaten its 
fill, flies sooner or later away to a female plant, and, 
whilst standing in the same position as before, the 
pollen-bearing end of the arrow is inserted into the 
stigmatic cavity, and a mass of pollen is left on its 
viscid surface. Thus, and thus aloue, can the five 

species of Catasetum which I have examined be 
fertilised. 



In many Orchidese, as in Listera, Spiranthes, and 
Orchis, the surface of the rostellum is so far sensitive, 
that, when touched or when exposed to the vapour of 
chloroform, it ruptures in certain defined lines. So it 
is in the tribe of the Catasetidse, hut with this re- 
markable difference, that in Catasetum the rostellum is 



prolonged into two curved tapering horus, or, as I shall 
call them, antennae, which stand over the labellum 
where insects alight. If these are touched even very 
they convey some stimulus to the membrane 
which surrounds and connects the disc of the pol- 
linium with the adjoining surface, causing it instantly 
to rupture; and as soon as this happens the disc is 
suddenly get free. We have also seen in several 
A aiideae that the pedicels of the pollinia are fastened 
flat down in a state of tension, and are highly elastic, 
so that, when freed, they immediately spring up, appa' 
reiitly for the sake of detaching the pollen-masses from 
the anther-cells. In the genus Catasetum, on the 
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other hand, the pedicels are fastened down in a curved 
position ; and when freed by the rupture of the attached 
edges of the disc, they straighten themselves with such 
force, that not only do they drag the balls of pollen 
together with the anther-cells from their places of 
attachment, but the w hole pollinium is jerked forward, 
over and beyond the tips of the so-eallcd antennae, to 
the distance sometimes of two or three feet* Thus, 
as throughout nature, pre-existing structures and capa- 
cities are utilised for new purposes. 

Catasetum saceatmi ^—l will first describe the male 
forms, belonging to five species, which are included 
under the generic name of Catasetum. The general 
appearance of the present species is represented in the 
following woodcut, fig, 28. A side view of the flower, 
with all the petals and sepals excepting the labellum 
cut oft', is shown by B ; and A gives a front view of 
the column. The upper sepal and two upper petals 
surround and protect the column ; tlie tw^o lower sepals 
project out at right angles^ The flower stands more 
or less inclined to either side, hut with the labellum 
downwards, as represented in the drawing. The dull 
coppery and orange-spotted tints, — the yawning cavity 
in the great fringed labellum, — the one antenna 
projecting with the other hanging down — give to 
these flowers a strange, lurid, and almost reptilian 
appearance. 

In front of the column, in the middle, the deep 
stigmatic chamber (fig, 28, A, s), may be seen ; but thi? 
is best shown in the section (fig, 29, C, a), in which all 



* I am much iudehted to Mr. mfignificent oollectioti of Orchul??, 
Jfuiu H Veitch of CiieUca for tho gcDeroualv aeutme twotiiiespikCiJ, 
iiThi flijpcimen which I saw of and has aided me in the kiruiciit 
fJTt'hid : euhtcquently Sir, manner with other epeciineTiis, 

S. Hucker, so well known for hia 
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the parts are a little separated from each other, in 
order tlmt the mechanism may be intelligible. In 
the middle of the roof of the stignaatic chamber, fur 
back {d, in A, fig. 28), the upturned anterior edge of 
the viscid disc can just be seen. The upper mem- 
branous surface of the disc) before it is ruptured, is 
continuous with the fringed bases of the two antcnme 



between which it lies. The rostcllum projects over 
the disc and stigmatic chamber (see section C, fig. 29), 
and is prolonged on each side so as to form the two 



antenme ; the middle part is covered by the ribbon- 
like pedicel (j>ed.) of the pollininm. The lower end of 
the pedicel is attached to the disc, and the upper end 
to the two pollen -masses (j>) within the anther-cell. 
The pedicel in its natural position is held much 
bowed round the protuberant rostelliim ; wlien freed 
it forcibly straightens itself, and at the same time its 
lateral edges curl inwards. At an early period ol‘ 
growth, it is continuous noth the rosteilum, but sub- 
sequently becomes separated from it by the solution 
of a layer of cells. 

The pollininm when set free and after it 1ms 
straightened itself, is represented at 1>, fig. 29. Its 
under surface, which lies in contact with the rosteilum, 
is shown at H, with the lateral edges of the pedicel 
now curled inwards. In this latter view, the clefts in 
the under sides of the two nollen-niasses are shown. 



rr 



AA itbin these clefts^ near their bases, a layer of stron 
extensible tissue is attached, forming the eaudicles, by 
which the polleu-masses are united to the pediceh 
The lower end of the pedicel is joined to the disc by a 
flexible hinge, whicli occurs in no otlier genus, so that 
the pedicel can play backwards and forwards, as far as 
the upturned end (fig. B) of the disc j»ermit^* The 
disc is Jarge and thick ; it consists of a strong upper 
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Fig, 29. 




Catasetum saccatum* 



a. anther, 

dJt, aoteuDiic of the rostellutn* 
disc of pollitiiuni. 

/. filament of anther, 

9 ‘ gerinen or ovarium* 
labellum* 

P- pollen-masses* 

P<^‘ or ped. pedicel of pollinium* 
stigmatLc chamber, 

A* irgnt view of column. 



B, Side view of flower, with all the 

sepals and petals removed ei- 
cept the labellum* 

C, Diagrammatic section through 

the columui with all the parts 
a little separated, 

D, Pollinium, upper surface. 

E, Pollinium, lower surface, which 

before removal lies in close 
contact with the rostellum* 



184 



VANDE.^. 



CriAp. VII, 



membrane, to which the pedicel is united, with an 
inferior cushion of great thickness, of pulpy, floccvdent, 
and viscid matter. The posterior margin is much the 
most viscid part, and this necessarily first strikes anv 
object when the pollininnx is ejected. The viscid 
matter soon sets hard. The whole surface of the disc 
is kept damp before ejection, by resting close against 
the roof of the stigmatie chamber ; but in the section 
(fig. C) it is represented, like the other parts, a little 
separated from the roof. 

The connective membrane of the anther {a in all the 
figures) is produced into a spike, which adheres loosely 
to the pointed end of the column ; this j>ointed end 
(/, fig. C) is homologically the filament of the anther. 

Tlie anther has this peculiar shape apparently for 
the sake of leverage, so that it may be easily torn off 
by a pull at its lower end, w^heu the pollinium is 
jerked out by the elasticity of the pedicel. 

The labelluni stands at right angles to the column, 
or hangs a little downwards; its lateral and basal 
lobes are turned under the middle portion, so that an 
insect can stand only in front of the column. In the 
middle of the labellum there is a deep cavity, bordered 
by crests. This cavity does not secrete nectar, hut its 
walls are thick and fleshy, w'ith a slightly sweet nutri’ 
tious taste ; and it will presently be shown that they 
are gnawed by insects* The extremity of the left- 
hand antenna stands immediately over the cavity, and 
would infallibly be touched by an insect visiting this 
part of the labellnm for any purjDose. 

The antennse are the most singular organs of the 
ilower, and occur in no other genus. They form rigid, 
curved horns, tapering to a point. They consist of a 
narrow ribbon of membrane, with the edges curled in- 
wards so as to touch ; each horn therefore is tubular, 
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with a slit down one side, like an adder’s fang* They 
are composed of numerous, much elongated, generally 
hexagonal cells, pointed at both ends ; and these cells 
(like those ill most of the other tissues of the flower) 
have nuclei with nucleoli. The antennai are prolonga- 
tions of the sides of the anterior face of the rostelliim. 
As the viscid disc is continuous with a little fringe of 
membrane on each side, and as this fringe is continuous 
with the bases of the antenna?, these latter organs are 
put iuto direct connection with the disc- The pedicel 
of the pollinium passes, as already stated, between the 
bases of the two antennfe. The antenna? are not free 
for their whole length ; but their exterior edges are 
firmly united to and blend for a considerable space 
with the margins of the stigmatic chamber. 

Ill all the flowers which I examined, taken from 
three plants, the tw'o antenna? which are alike in 
structure occupied the same relative position* Tlie 
extreme part of the left-hand antenna bends upw^ards 
(sec B, fig, 28 , in which the position is shown plainer 
than in A), and at the same time a little inwards, so 
that its tip is medial and guards the entrance into 
the cavity of the labellum. The right-hand antenna 
hangs down, with its tip turned a little outwards ; and 
as w'o shall immediately see, is almost paralysed, so as 
to be fiinctionless* 

Isow for the action of the parts* When the left- 
hand antenna of this species (or either of the antenna? 
in three of the following species) is touched, the edges 
of the upper meml^raue of the disc, which aro con- 
tinuously united with the surrounding surface, instantly 
rupture, and the disc is set free- The liighly elastic 
pedicel then instantly flirts the heavy disc out of the 
stigmatic chamber witli such force, that the whole 
poliiniuin is ejected, bringing away with it tlie two 
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balls of pollen, and tearing the loosely attached spike- 
like anther from the top of the column. The pollinium 
is always ejected with its viscid disc foremost. I 
imitated the action with a minute strip of whalebone 
slightly weighted at one end to represent the disc; 
this wa.s then bent half round a cylindrical object 
the upper end being at the same time gently held by 
the smooth he^d of a pin, to represent the retarding 
action of the antlier, the lower end was then suddenly 
set free, and the whalebone was pitched forward, like 
the pollinium of the Catasetum, with the weighted 
end foremost. 

That the disc is first jerked out of the stigreatic 
chamber, I ascertained by pressing the middle of the 
pedicel ; and when I touched the antenna the disc 
instantly sprung forth, but, owing to the pressure on 
the pedicel, the pollinium was not dragged out of the 
anthei-cell, Besides the spring from the straighten- 
ing of the pedicel, elasticity in a transverse direction 
comes into play : if a quill be split lengthways, and 
the half be forced longitudinally on a too thick pencil, 
immediately the pressure is removed the quill jumps 
off; and an analogous action takes place with the 
pedicel of the pollinium, owing to the sudden inward 
culling of its edges, when set free. These combined * 
forces suffice to eject the pollinium with considerable 
iorce to the distance of two or three feet. Several 
persons have told me that, when touching the flowers 
of this genus in their hothouses, the pollinia have 
struck their faces. I touched the antenmo of C. cal- 
losum whilst holding the flower at about a yarcrs 
distance from a window, and the pollinium hit the 

pane of glass, and stuck by its adhesive disc, to the 
smooth vertical surface. 

Ihe following observations on the nature of the 
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excitement which causes the disc to separate from the 
surrounding parts, include some made on the following 
species. Several flowers were sent me hy post and by 
the railroad, and must have been much jarred, but 
they had not exploded. I let two flowers fall from a 
height of two or three inches on the table, but the 
pollinia were not ejected. I cut off with a crash with 
a pair of scissors the thick labellnm and ovarium 
close beneath the flower ; but this violence produced 
no effect. Nor did deep pricks in various parts of the 
column, even wdthin the stigmatic chamber. A blow', 
sufficiently hard to knock off the anther, causes the’ 
ejection of the pollinium, as occurred to me once 
by accident. Twice I pressed rather hard on the 
pedicel, and consequently on the underlying ros- 
tellum, without any effect. Whilst pressing on the 
pedicel, I gently removed the anther, and then the 
poKen-bearing end of the pollinium sprang up from 
its elasticity, and this movement caused the disc to 
separate. M. Meniere,* however, states that the 
anther-case sometimes detaches itself, or can be gently 
detached, without the disc separating ; and that then 
the upper end of the pedicel, bearing the pollen-masses, 
swings downwards in front of the stigmatic chamber. 
After trials made on fifteen flowers of three species, 

I find that no moderate degree of violence on any 
part of the flower, except on the antennae, produces 
any effect. But when the left-hand antenna of C. 
sOfecatum, or either antenna of the three following 
species, IS touched, the pollinium is instantly ejected* 
d'he extreme tip and the whole length of the antennae 
sensitive. In one specimen of C* tridentatum a 
touch from a bristle sufficed ; in live specimens of' 



* ‘liuJl. de la Soc* Bot. de France,' tom. i. I85i, p. 367. 
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C. saccahm a gentle touck from a fine needle was 
necessary ; but in four other specimens a slight blow 
was requisite. In C tridentatum a stream of air aiul 
of cold water from a small pipe did not suffice; nor 
in any case di<l a touch from a human hair ; so that 
the antennae are less sensitive than the rostellum of 
Listera* Such extreme sensitiveness would indeed 
have been useless to the jdant, for, as is now known, 
the flowers are visited by powerful insects. 

That the disc does not separate owing to the simple 
mechanical movement of the antennae is certain; for 
they adhere firmly for a considerable space to the 
sides of the stigmatic chamber, and are thus im- 
movably fixed near their bases. If a vibration is 
conveyed along them, it must be of some special 
nature, for ordinary jars of manifold greater strength 
do not excite the act of nipture. The flow^ers in some 
cases, when they first arrived, were not sensitive, but 
after the cut-off spikes had stood for a day or tw^o in 
water they became sensitive. Whether this w'as owing 
to fuller maturity or to the absorption of water, I know' 
not. Two flow ers of C, callosum^ w hich were completely 
torpid, were immersed in tepid water for an hour; 
and then the antennm became hierlilv sensitive ; this 
indicates either that the cellular tissue of the antennie 
must be turgid in order to receive and convey the 
eftects of a touch, or, as is more probable, heat in- 
creases their sensitiveness. Two other flowers placed 
in hot water, but not so hot as to scald my fingers, 
spontaneously ejected their pollinia. A plant of C. 
iridentatuni had been kept for some (lays in a rather 
cool house, and the antennm w^ero consequently in a 
torpid condition ; a flow'er ’was cut off and placed in 
water at a temperature of 100^ F. (37^7"^ C.), and no 
effect' w'as immediately produced ; but when it was 
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looked at after an interval of I*'' 30™ the polliniura wa3 
found ejected. Another flower was placed in water at 
[)0°F. (32’2°C-), and after 25™ the polliniurn was found 
ejected; two other flowers left for 20™' in water at 
87’ F. (30’5‘’ C.) did not explode, though they were after- 
wards proved to be sensitive to a sliglit touch. Lastly, 
four flowers were placed in water at 83“ F. (28'3“ C.) ; 
two of these did not eject their pollinia in 45™-, and 
were then found to be sensitive ; whereas the other two, 
when looked at after I**- 15"*^, had spontaneously ejected 
their pollinia. Tlieso cases show that immersion in 
water raised to a temperature only a little higher than 
that to which the plant had been c.xposed, causes the 
menihraue by which the discs are attached to rupture. 
A thiu stream of almost boiling water was allowed to 
fall through a fine pipe on the anteimse of some flowers 
oil the above plant ; these Avere softened and killed, 
but the pollinia were not ejected. Nor did sulphuric 
acid, dropped on the tips of the antenna;, cause any 
action ; though their upper parts AA'hich had not 
been injured by the acid w'ere afterwards found to he 
sensitive to a touch. In these two latter cases, I 
presume that the shock was so sudden and violent 
that the tissue was instantly killed. Considering 
tlie above seA'eral facts, we may infer that it must 
he some molecular change Avhich is conveyed along 
the antennae, causing the membrane round the discs to 
rupture. In C, tridentaium the antenmn Avero one inch 
and a tenth in length, and a gentle touch from a bristle 
on the extreme tip Avas conveyed, as far as I could 
perceive, instantaneously throughout this length. I 
measured several cells in the tissue contposiug the 
antennae of this species, and on a rough average it 
appeared that the stimulus must travel tiirough no less 
than from seventy to eig hty cells. 
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We may, at least, safely conclude that the antennse, 
which are characteristic of the genus Catasetum, are 
specially adapted to receive and convey the effects of 
a touch to the disc of the pollinium. This causes the 
membrane to rupture, and the pollinimn is then ejected 
by the elasticity of its pedicel. If we required further 
proof, nature affords it in the case of the so-called 
genus Monachanthus, which, as w^e shall presently see, 
is the female of Catasetum tridentatum, and it does not 
jx)ssess pollinia which can be ejected, and the antennse 
are here entirely absent. 

I have stated that in 0. saccatum the right-hand 
antenna invariably hangs down, with the tip turned 
slightly ontw-ards, and that it is almost paralysed, I 
ground my belief on five trials, in which I violently 
hit, bent, and pricked this antenna, and this produced 
no effect ; but when immediately afterwards the left- 
hand antenna was touched with mucli less force, the 
polliiiiiim was shot forth. In a sixth case a forcible 
blow on the right-hand antenna did cause the act of 
ejection, so that it is not completely paralysed. As 
this antenna does not guard the labellum, which in all 
Orchids is the part attractive, that is to insects, its 
sensitiveness would be useless. 

From the large size of the flower, more especially 
of the viscid disc, and from its wonderful power of 
adhesion, I formerly inferred that the flowers were 
visited by large insects, and this is now known to be 
the case. The viscid matter sticks so firmly after it 
has set hard, and the pedicel is so strong (though very 
thin and only one-tw’entieth of an inch in breadth at 
the hinge), that to my surprise a pollinium attached 
to an object supported for a few seconds a w'eight of 
1262 grains, or nearly three ounces ; and it supported 
for a considerable time a slightly less weight. When 
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the pollinmm is shot forth, the large spike-like anther 
is generally carried with it. If the disc strikes a flat 
surface like a table, the momentum from the weight 
of the anther often carries the pollen-bearing end 
beyond the disc, and the pollinium is thus affixed in 
a wrong direction for the fertilisation of another 
flower, supposing it to have been attached to an 
insect’s body. The flight of the pollinium is often 
rather crooked. * But it must not be forgotten that 
under nature the ejection is caused by tlie antennaj 
being touched by a large insect standing on the la- 
bellum, which will thus have its head and thorax 
placed near to the anther. A rounded object thus 
held is always accurately struck in the middle, and 
when removed with the pollinium adhering to it, the 
weight of the anther depresses the hinge of the pol- 
liuium; and in this position the anther-case readily 
drops off, leaving the balls of pollen free, in a proper 
position for fertilising the female flower. The utilitv 

mf 



* ISL Baillon Bull de la Sdc, 
Bot. He Franco/ tom, i, 1854^ p. 
285) states that Cat^^eium luridum 
ejects its pollinia always in a 
straight line, and in such a direc- 
tion that it sticks fast to the 
oottom of the concavity of tlie 
la!>elluDi| and he imagines that 
iji t hid position it fertilises the 
flower in a manner not clearly 
explained. In a subsequent paper 
the i=ame volume (p, 3G7) M. 
Meniere justly disputes M, IMh 

® He remarks 

teat the anther'Case ia easily de- 
tached, and sometimes naturally 
detaches itself ; the pollinia then 
downwards by the elasticity 
® the pedicel, the viscid disc still 
rctoainmg attached to the roof 
btigmalic chamber. BI, 
Mcmete hints that, by the subse* 



quent and progressive retraction 
of the (xjdicel, the pollen -masses 
might be carried into the stigmutic 
chamber. This is not possible in 
the three species which I have 
examined, and w^ould bo useless. 
But M. Meniere himsfdf then goes 
on to show how' important insects 
are for the fertilisation of Orchids i 
and apparently infers that their 
agency comes into play with 
Cfttaaetum, and tJiat this plant 
does not fertilise itself Both M. 
Baillon and BL Bleriiiire <-orrectly 
describe the curved ixisition in 
which the elastic ixHUcel lies 
before it is f<et free. Neither of 
these botanists seems fo be aware 
that the species of Catasetum 
(ut least the five which 1 have 
examined) are exclusively male 
plants. 
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of SO forcible an ejection no doubt is to drive tlie soft 
and viscid eusliion of the disc against the hairy thorax 
of the large hymenopterous insects which frec^uent the 
flowers. When once attached to an insect, assuredly 
no force which the insect could exert would remove 
the disc and pedicel ; but the candicles are ruptured 
without much difficulty, and thus the balls of polien 
might readily he left on the adhesive stigma of the 
female flower. 

Catasetum callosum —The flowers of this species * are 
smaller than those of the last, but resemble them in 
most respects. The edge of the labellnm is covered 
with papillm ; the cavity in the middle is small, and 
behind it there is an elongated anvil-like projection, 
— facts which I mention from the resemblance in some 
of these points between the labelltmi of this species 
and that of Mt/anthus barbatus, the hermaphrodite form 
of Catasetum tridentatum, presently to be described. 
When either antenna is touched, the pollinium is 
ejected with much force. The yellow-coloured pedicel 
is much bowed, and is joined by a hinge to the ex- 
tremely viscid disc. The two antenme stand sym- 
iiietrically on each side of the anvil-Hke projection, 
with their tips lying within the srnall cavity of the 
label lum. The walls of this cavity have a pleasant 

nutritious taste. The antennm are remarkable, from 
their whole surface being roughened with papilla>. 
ihe plant is a male, and the female form is at present 
unknown. 

Catasetum tahulare, — This species belongs to the 
same type as (7. saccatum^ but differs greatly from it in 
appearance. The central portion of the labellum con- 
sists of a narrow, elongated, table-like projection, of 

* A fine eplke of of thia 3Ti-. Ruckor, ami wna nametl for 

Bpecietj waa kindly amt me by mo by Dr. Lindl«y. 
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an almost white colour and formed of a thick m^iss 
of succulent tissue, having a sweetish taste. Towards 
tlie base of the labellum there is a large cavity, which 
externally resembles the nectary of an ordinary flow^er 
but apparently never contains nectar. The pointed 
extremity of the left-hand antenna lies within this 
eft’s it j , and would infallibly be touched by an insect 
pawing the bilobed and basal end of the medial pro- 
jection of the labellum* The right-hand antenna is 
turned inwards, with the extreme part bent at right 
angles and pressed apinst the column; therefore I 
do not doubt that it is paralysed as in (7* saemtmn; 

but the floprs examined by me had lost almost all 
their sensitiveness. 



Catasetmi 2 :>lariiceps (f)*— This species does not differ 
much from the following one, so I will describe it 
briefly. The green and spotted labellum stands on 
the upper side of the flower ; it is jar-shaped, wdth 
a small orifice* The tw'o elongated and roughened 
antennie lie coiled Tip some little way apart and 
parallel to one another, wdthin the labellum. They 
are both sensitive to a touch. 

Catasetum tridentatuin. — The general appearance 
^ this species, which is very diflerent from that of 
C, saccatum^ callosum and tabulare^ is represented in 
fig^* 30, with a sepal on each side cut off, 

^ Ihe flow^er stands with the labellum uppermost, that 
iSj m a reversed position compared with most Orchitis. 

G labellum is helmet-shaped, its distal portion being 
leduced to three small points. It cannot hold nectar 
troin its position ; but the walls are thick, and have, as 
m the other species, a pleasant nutritious taste. The 
stigruatic chamber, though fimctiouless as a stigma, 
IS of large size* The summit of the column, and the 
spike-like anther, are not so much elongated as in 
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A* Side Yiew of flower in it$ natural 
position, with two of the sepals 
, tut otT* 

B. Front view of column, in position 
reverse of fig- A, 

The pedicel of the polliniuin is articulated as before 
by a hinge to the disc ; it can move freely only in one 
direction owing to one end of the disc being upturned, 
and this restricted power of movement apparently 
comes into play when the polliniiim is carried by an 
insect to the female flow er* The disc is, as in the other 
species, of large size, and the end which when ejected 
first strikes any object, is much more viscid than the 
rest of the surface. This latter surface is drenched 
with a milky fluid, which, when exposed to the ah, 
rapidly turns brown, and sets into a cheesy consistence. 
The upper surface of the disc consists of strong mem- 



<3. anthev. 

pi. pedicel of pcllimum 
(fii. aotcause* 
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brane formed of polygonal cells, resting on and adhering 
to a tliick cushion, formed of irregular rounded balls 
of brown matter, separated from each other and em- 
bedded in a transparent, structureless, highly elastic 
substance. This cushion towards the posterior end of 
the disc graduates into viscid matter, which when 
consolidated is brown, translucent, and homogeneous. 
Altogether the disc of Catasetum presents a much 
more complex structure than in the other Vandece. 

I need not further describe the present species, 
except as to the position of the antenu*. They oc- 
cupied exactly the same position in all the many 
flowers which were examined. Both lie curled within 
the helmet-like labellum ; the left-hand one stands 
liigher up, with its initvardly bow'ed extremity in the 
middle ^ the right-hand antenna lies lower down and 
crosses the whole base of the labellum, with the tip 
just projecting beyond the left margin of the base of 
the column. Both are sensitive, but apparently the 
one which is coiled within the middle of the labdlum 
IS the more sensitive of the two. From the position 
of the petals and sepals, an insect visiting the flower 
would almost certainly alight on the crest of the la- 
bellum; and it could hardly gnaw any part of the 
great cavity without touching one of the two antenna?, 
lor the lelt-hand one guards the upper part, and the 
right-hand one the lower part. When either of these 
IS touched the pollinium is ejected and the disc will 
strike the head or thorax of the insect. 

Ihe position of the antennae in this Catiisetnm may 
e compared with that of a man with his left arm raised 
*od bent so that his hand stands in front of his chest, 
i*hd with his right arm crossing his body lower down 
so that the fingers project just beyond his left side, 
n Caiaseium callosum both aj-ras are held lower down 



and are extended syininetrically. In C. sacmtmn tlie 
left arm is bowed and held in front? as in C triden- 
taium^ but rather lower down ; whilst the right arm 
hangs downwards paralysed, with the hand turned a 
little outwards. In every ease notice wdll be giveu in 
an admirable manner, ivhen an insect visits the label- 
him, and the time has arrived for the ejection of the 
pollinium, so that it may bo transported to the female 
plant 

Catasetum irideniattun is interesting under another 
point of view* Botanists were astonished when Sir K. 
Schomburgk* stated that he had seen three forms, 
believed to constitute three distinct genera, namely, 
Gatasetuni tridentatumy MonacfmnthuB mridU, and 
Mijanthiis harhatus, all growing on the same plant, 
Ijindley remarked t that “such cases shake to the 
foundation all our ideas of the stability of genera and 
species/’ Sir li. Scliomburgk afiirms that he has seen 
hundreds of plants of C* tridentatum in Essequibo with- 
out ever finding one specimen with seeds ;+ whereas 

* ‘Transact 10113 of the Linn ean Bristol. Lastly Dean lierlwrt 
voL xvii. p. 522. Another informed me many years ago that 
account by Dr. Liudley appeared Caiasetwm luridum flowered tmd 
in the * Uotanical Hegiiter/ foU kept true for nine years in the 
of a distinct species of My- Botanic Garden at York ; it tlica 
antliusuiid Monac hunt I uis appear- threw up a scape of a M van thus, 
ingem the sauiesca|>e : he alludes which as wc shall preBt-ntly see u 
also to Ollier cases. Some of the an herjnaphroditc, interujcdiate in 
flowers in tht se raeeg wt s^e in an in- form bet w'een tlie male and fi-malc* 
ten Mediate condition, which is not M, Due hart re has given a fuU his- 
s'lrprising, that in dioecious torical account of the appearance 

jflants we souie times have a pdrtial of these forma on the same plant, 
resumption of the characters of in ‘Bulk da la Soc. Bot, de 
lioth sexes. Mr. Rodgers of llivor- France/ vol. is. 1862, p. 113. 
lull informs me that he iiii|)Ortrd t The ‘ Vegetable Kingdom,* 
from Deinerara a Myaulhns, amt 1S53, p. 178. 
that when it flowered a second { Brnngniart statca Bull de 
time it was metaraorphoaed into la Soc. Rj>t. de France/ toju. ii. 
a Catasetum. Dr. Carpenter JS.iS, p. 20) thnt M. Neumium. a 
C Comparative Physiology/ 4ih skilful fertiliser of Orchids, could 
i-diU p. H33) alludes to an ana- never succeed in fertilising Cata- 
logous case whieh occurred at SL*lum. 
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he was surprised at the gigantic seed-vessels of the 
Jfonachanthns ; and he correctly remarks that “ here 
we have traces of sexual difference in Orchideons 
flowers.” Hr. Crtiger also informs me that in Trinidad 
lie never saw capsules naturally produced Iw the 
flowers of this Catasetum ; * nor when they were fer- 
tilised by him with their own pollen, as* was done 
repeatedly. On the other hand, when he fertilised 
the flowers of the Monachanfkus viridis with pollen 
from the Catasetum, the operation never failed. The 

Monachantlms also commonly produces fruit in a state 
of nature. 

From what I had myself observed, I was led to 
examine carefully the female organs of C. tridentatum, 
callosum, and scuscaium. In no case was the stigmatic 
surface viscid, as it is in all other Orchids (except as 
we shall hereafter see in Cypripedium), and as is 
indispensable for securing tlie pollen-masses by the 
rupture of the caudicles, I carefully looked to this 
p<>mt both in young and old flowers of C. trideiUatum. 
W hen tlie surface of the stigmatic chamber and of the 
stigmatic canal of the above-named three species is 
scraped oft, after having been kept in spirits, it is found 
to bo composed of utriculi (including nuclei of the 
proper shape), but not nearly so numerous as with 
ordinary Orchids. The utriculi cohere more together 



often occurred, X G* Boer acys 
Cfjuotcd by Irmisch^ * Beitmge uu 
Biolo^e df^r Orebideen,' IH53, p. 
22) that during three years he 
tried in vain to fertilise Catasetimi, 
but on one orcaeioD, by plfldng 
only the viscid disc of a poUinium 
within the stigma, a ri|M? fruit 
was produced { but it may be 
asked, Did the seeds cod tain 
embryos V 



I Hance writes to me thflt 

he has in big collection a plant of 

from the 

wt ludiea bearing a fine capsule ; 

It does not appear to have 
oeen ascertained that this par- 
Uculftr flower was that of Cata- 
tliere is no grt>at im- 
P babdity in a single flo’wer of 
«oaachaiithu8 being produred by 
^plant of Catasetum, as well as a 
bole sciipe, which w^e know has 
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he was surprised at the gigantic seed-vessels of tiie 
ilonachanthns ; and he correctly remarks that “here 
we have traces of sexual difference in Orchideons 
flowers.” Dr. Criiger also informs me that in Trinidad 
lie never saw capsules naturally produced by the 
flowers of this Catasetum ; * nor when they were fer- 
tilised by him with their own pollen, as" was done 
repeatedly. On the other hand, when he fertilised 
the flowers of the Monachanthus viridis with pollen 
from the Catasetum, the operation never foiled. The 

ilonachanthus also commonly produces fruit in a state 

of nature. 

From what I had myself observed, I was led to 
examine carefully tbe female organs of C, tridentatum, 
enUosum, and saccatttm. In no caso was the stigmatic 
surface viscid, as it is in all other Orchids (except as 
we shall hereafter see in Cypripediura), and as is 
mdispcnsahle for securing the pollen-masses by the 
rupture of the candieles. I carefully looked to this 
Fjaat both m young and old flowers of C, tHdmtatum. 
tv Jien the surface of the stigmatic chamber and of the 
s igmatic canal of the above-named three species is 
scraped ofi, after having been kept in spirits, it is found 

InerT^T X (including nuclei of the 

JriLry TLe M "‘’’r 

i rcmas. 1 he ntncuh cohere more together 
hi* “c 
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from tile 
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.““t appear to liave 
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often f^curred* J, G* Beer anyg 
Quoted by Irmi^h, ‘ Beitmge zu 
Biolope der Orchideen/ 1853, p, 
“V during three years he 
tned in vain to fertilifleCatasetiini^ 
but on one oeeasiOD, by placing" 
only th«j viucid disc of a polliniuiu 
within the stigma, a ripe fruit 
was produced ; but it may be 
aalied, Xlid the seeds contain 
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and are more transparent ; I examined for comparison 
those of many kinds of Orchids which had been kept 
in spirits, and in all found them much less transparent, 
fn G. tridentatunif the ovarinm is shorter, much less 
deeply furrowed, narrower at the base, and internallv 
more solid than in Honachanthus, Again, in all 
three species of Catasetiim the ovule-bearing cords 
are short ; and the ovules present a considerably dif- 
ferent appearance, in being thinner, more transparent, 
<tnd less pulpy than in the numerous other Orchids 
examined for the sake of comparison. Perhaps these 
bodies hardly ought to be called ovules, although they 
correspond closely in general appearance and position 
with true ovules, ior I was unable in any case to make 
out the opening of the testa and the included nucleus ; 
nor were the ovules ever inverted. 

Prom these several facts, namely, — the shoi^tness, 
smoothness, and narrowness of the ovarium, the short- 
ness of the ovule-bearing cords, the state of the ovules 
themselves, the stiginatic surface not being yiscid, the 
transparent condition of the utriculi, — ^andfrom neither 
Sir R, Schomburgk nor Cruger having ever seen 
C, tridentdtum producing seed in its native home, 
or when artificially fertilised, we may confidently 
look at this species, as well as the other species of 
Catasetum, as male plants, 

itli respect to Moiiachanthus viridiSy and M^atithus 
harhatu 9 , the President of the Linnean Society has 
kindly permitted me to examine the spike hearing 
these two so-called genera, preserved in spirits, ’which 
was sent home by Sir R. Schomburgk, The flower of 
the Monachanthus (A, fig, 31) resembles pretty closely 
ill external appearance that of Outasetum tTr'ide^itcituiii 
(fig, 30), The labellum, which holds the same relative 
position to the other parts, is not nearly so deep 
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especially on the sides, and its edge is crenated. The 
other petals and sepals are all refleied, and are not so 
much spotted as in the Catasetnm. The bract at the 
base of the ovarium is much larger. The whole column. 



Fig. 31. 




' A. MoKACHANTHUS VI rid is. 

I 

A. Side view of Monachanthus mW- 
dis in ill natural poitition. (The 
fihadiug in both drawingi hfts 
been added from Mr. Heisa' 
drawing in the * Linnean Trana* 
aetioDs/) 

B, Side view of ^yauthus 
ia ita natural pasitioa. 

especially the filament and the spike-like anther^ are 
much shorter; and the rostelliim is much less protu- 
herant* The antennae are entirely absent, and the 
pollen-masses are rudimentary* These are interesting 
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lacts, from corroborating the view taken of the fimctioii 
of the anteiiTiac ; for as there are no pollinia to eject, 
au organ adaptert to convey the stimnhis from the 
touch of an insect to the rostelliim would be useless. 
I could find no trace of a viscid disc or pedicel, and 
no doubt they had been lost; for Dr. Criiger says* 
tliat “the anther of the female flower drops off imme- 
diately after the opening of the same^ i. e. before the 
flower has reached perfection as regards colour, size, 
and smell. The disc does not cohere, or very sliirhtiv. 
to the pollen-masses, but drops off about the same 
time, with the anther;” leaving behind them the rudi- 
mentary pollen-masses. 

Instead of a large stigmatic chamber, there is a 
narrow transverse cleft close beneath the small anther. 
1 was able to insert one of the pollen-masses of the 
male Catasetum into this cleft, which from having been 
kept in spirits was lined with coagulated beads of 
viscid matter, and with iitriouli. The utriculi, differ- 
ently from those in Catasetum, were charged (after 
liaving been kept in spirits) with brown matter. The 
ovarium is longer, thicker near the base, and more 
[)lainly furrowed than in Catasetum ; the ovule-bearing 
cords are also much longer, and the ovules more opacjue 
and pulpy, as in all common Orchids. I believe that 
! saw the opening at the partially inverted end of the 
testa, with a large projecting nucleus ; but as the speci- 
mens had been kept many years in spirits and were 
somewhat altered, 1 dare not speak positively. From 
these facts alone it is almost certain that Monachanthiis 
is a female plant; and as already stated, Sir K 
hcliomburgk and Dr. Criiger have both seen it seeding 
ubundiiiitly* Altogether the flower differs in a most 
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remarkable manner from that of the male Oataseium 
tridmtatum^ and it is no wonder that the two plants 
were formerly ranked as distinct genera. 

The pollen-masses offer so cnrioiis and good an illus- 
tration of a structure in a rudimentary condition, that 
they are worth description ; but I must first recur to 
the perfect pollen-masses of the male Catasetum. 
These may be seen at D and E, fig* 29, attached to 
the pedicel : they consist of a large sheet of cemented 
or waxy pollen-grains, folded over so as to form a 
sack, with an open slit along the lower surface, within 
which at the low er and produced end, a layer of highly 
elastic tissue, forming the caudicle, is attached; the 
other end being attached to the pedicel of the rostelliinn 
Ike exterior grains of pollen are more angular, have 
thicker walls, and are yellower tlian the interior grains. 
In the early bud the tw^o pollen-masses are enveloped 
in two conjoined membranous sacks, which are soon 
{>enetrated by the two produced ends of the pollen- 
masses and by their caudicles ; and afterwards the 
extremities of the caudicles adhere to the pedicel. 
Before the flow-er expands the membranous sacks in- 
cludirig the two pollen-masses open ; and the pollen- 

masses are left resting naked on the back of the 
rostellum. 

In Monachanthns, on the other hand, the two mem- 
branous sacks containing the rudimentary pollen - 
masses never open ; but they easily separate from each 
other and from the anther. The tissue of which they 
are formed is thick and pulpy. Like most rudi- 
mentary parts, the pollen-masses vary much in size 
und form; they are only about one-tenth of the bulk 
of those of the male; they are flask-shaped (p, fig- 31), 
'^ith the lower end greatly produced so as almost to 
penetrate the exterior or membranous sack. There is 
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no fissure along their lower surfaces for the protrusion 
of the caudicles. The exterior pollen-grains are square 
and have thicker walls than the interior grains, just as 
in the proper male pollen ; and, what is very curious, 
each cell has its nucleus. Now, E* Brown states* that 
in the early stages of the formation of the pollen-grains 
of ordinary Orchids (as with other plants) a minute 
nucleus is often visible ; so that the rudimentary pollen- 
grains of Monachanthus apparently have retained — as 
is so general with rudiments in the animal kingdom — 
an embryonic character. Lastly, at the base, within 
each flask-shaped pollen-mass, there is a little mass of 
brown elastic tissue, — that is, a vestige of a caudicle, — 
which runs far up the pointed end of the flask, but 
does not (at least in some of the specimens) come to 
the surface, and could never be attached to any part of 
the pedicel. These rudimentary and enclosed caudicles 
are, therefore, utterly useless. Notwithstanding the 
small size and almost aborted condition of the female 
pollen-masses, when they w^ere placed by Dr, Cruger 
within the stigma of a female plant they emitted “ her© 
and there a rudimentary tube.” The petals then faded 
and the ovarium enlarged, but after a week it turned 
yellow and finally dropped ofif without bringing any 
seeds to perfection. This appears to me a very curious 
instance of the slow and gradual manner in which 
structures are modified ; for the female pollen-masses, 
which can never be naturally removed or applied to 
the stigma, still partially retain their former powers 
and function. 

Thus every detail of structure which characterises 
the male pollen-masses is represented in the female 
plant in a useless condition. Such cases are familiar to 
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every naturalist, but can never be observed without 
renewed interest* At a period not far distant, natura- 
lists will liear with surprise, perhaps with derision, that 
grave and learned men formerly maintained that such 
iLseless organs were not remnants retained by inherit- 
ance, but were specially created and arranged in their 
proper places like dishes on a table (this is the simile 
of a distinguished botanist) by an Omnipotent hand 
‘*to complete the scheme of nature,” 

The third form, Myanthus harhatuB (fig* 31, B), is 
sometimes borne on the same plant together with the 
two preceding forms* The flowers differ greatly in 
external appearance, but not in essential structure, 
from those of both the other forms* They generally 
stand ill a reversed position, compared with those of 
Catasetuni tridentatum and of Monachayithus viridis, 
that is, with the labcllum downwards* The labellum 
is fringed in an extraordinary manner with long 
papillse; it has a quite insignificant medial cavity, 
at the hinder margin of which a curious curved and 
flattened liorn projects, w^hich represents the anvil-like 
projection on. tiie labellum of the male C. callosum. 
The other petals and sepals are spotted and elongated, 
with the two low^er sepals alone reflexed. The antennae 
are not so long as in the male C. tridentatum ; they 
project symmetrically on each side of the horn-like 
process at the base of the labellum, with their tips, 
which are not roughened with papillcC, almost entering 
the medial cavity. The stigmatic chamber is of nearly 
intermediate size betw'een that of the male and female 
forms; it is lined w'ith xitriculi charged with brown 
matter. The straight and w^ell-furrowed ovarium is 
nearly twice as long as that of the female Monachan- 
thus, but not so thick wdiere it joins the flower; the 
ovules are opaque and pulpy after having been kept 
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ill spirits^ .and resemble tliose of the female in all 
respects^ but are not so numerous. I believe that I 
saw the nucleus projectiEg from the testa, but dare 
notj as in the case of the Slonachanthus, speak posi- 
tively. The pollinia are about a quarter of the size 
of those of the male Catasetiim, but have a perfectly 
well developed disc and pedicel* The pollen -masses 
were lost in the specimens examined by me ; hut 
]\[r* Reiss has given, in the Lixmean Transactions, a 
drawing of tlieni, showing that they are of due pro- 
portional size and have the proper folded or deft 
structure, within which the caudicles are attached. 
Thus as both the male and female organs are in 
appearance perfect, Myantlms harhatus may be con- 
sidered as an hermaphrodite form of the same species, 
of which the Cutasetum is the male and Jlonachan- 
thns the female. Nevertheless, the intermediate forms, 
which are common in Trinidad, and which resemble 
more or less closely the above described Myanthiis, 
have never been seen by Dr* Criiger to produce seed- 
capsnles* 

It is a highly remarkable fact, that this sterile 
hermaphrodite form resembles in its ivhole appearance 
and structure the males of tw'o other species, namely, 
0* saceatum and more especially C, callosum^ much 
more closely than it does either the male or female 
form of the same species. As all orchids, with the 
exception of a few in the present small siih-family, as 
well as all the members of several allied groups of 
plants, are hermaphrodites, there can be no doubt 
that the common progenitor of the Orchidefe was 
an hermaphrodite. We may therefore attribute the 
hermaphrodite condition and the general appearance 
of Myanthns to reversion to a former state; and if 
so, the ancestors of all the species of Catasetum must 
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have resembled the males of C. saecatmu and callosum , 
for as we have just seen, it is to these two plants that 
^lyanthus presents so many striking resemblances.* 
Lastly I may be permitted to add that Dr. Criigerj 
after having carefully observed these three forms in 
Trinidad, fully admits the truth of my conclusion that 
Catmetum tridejitatum is the male and Monach^ntJms 
viridis the female of the same species, lie further 
confirms my prediction that insects are attracted to 
the’ flowers for the sake of gnawing the labellum, and 
that they carry the pollen-masses from the male to the 
female plant. He says “the male flower emits a 
peculiar smell about twenty-four hours after opening, 
and the antennae assume their greatest irritability at 
the same time. A large hnmble-bee, noisy and quarrel- 
some, is now attracted to the flowers by the smell, 
and a great number of them may be seen every morning 
for a few hours disputing with each other for a place in 
the interior of the labelliim, for the purpose of gnawing 
off the celhdar tissue on the side opposite to the column, 
so that they turn their backs to tlie latter. As soon as 
they touch the upper antenna of the male flow er, the 
pollen-mass, with its disc and gland, is fixed on their 
hack, and they are often seen flying about wdth this 
peculiar-looking ornament on them. I have never 
seen it attached except to the yqtj middle of the 

* The male of the Intliaii ante- to reversion to a former state of 
lope (A. hestMtriica} after raat rat ion the Bpeciesj for we have good 
produces horni^ of a widely dif- reason to believe that aoj cause 
fereiit ahape from those of the which dlEstnrbs the couatitution 
perfect male; and larger and lenda to reversion. My au thus, 

thicker than those ocf’aaioiially though having the organs of both 

produced by the female. see sexes apparently perfect, is sterile ; 
wmetliing of tlie same kind in the it has tJierefore hud its ^xnal 
horuB of the common os, I have constitution disturbedt and this 
rciiiHrkefl in my * Descent of Man ' seems to have caused it to revert 
(2nd edit, p. 506), that such in character to a former state, 
may probably by attributed 
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thorax* When the bee walks about, the pollen-mass 
lies flat on the back and wings; but when the insect 
enters a female flow^er, always with the lahollum turned 
upwanls, the pollinium, which is hinged to the gland 
by elastic tissue, falls back by its own weight and rests 
on the anterior face of the column. When the insect 
returns backwards from the flow^er, the pollinia are 
caught by the upper margin of the stigmatic cavity, 
whicli projects a little beyond the face of the column ; 
and if the gland be then detached from the back of 
the insect, or the tissues which connect the pollinia 
with the caudicle, or this w itli tlie gland, break, fecun- 
dation takes place.” ]>n Criiger sent me specimens 
of the humble-bees which he caught gnawing the 
labellum, and these consist of Eitglossa nov, spec,^ ca- 
jennensis and piliventris. 

Catasetum mentosum and a Monachanfhus, according 
to Fritz idhller,* grow in the same district of South 
Brazil ; and he easily succeeded in fertilising the 
latter with pollen from the former* The pollen-masses 
could be inserted only partially into the narrow 
stigmatic cleft ; hut when this was done, a process of 
deglutition, as described under Cirrhiea, commenced 
and was slowly completed* On the other hand, Fritz 
Jluller entirely failed in his attempts to fertilise the 
dowel's of this Catasetum with its own pollen or with 
that from another plant. The pollinia of the female 
3Ionachanthus are very small ; the pollen-grains are 
variable botli in size and shape ; the anther neycr 
opens, and the pollen-masses are not attached to 
the caudicle. Nevertheless, when these rudimentary 
pollen-masses, which can never naturally be removed 
troni their cells, were placed on the slightly viscid 
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stigma of the male Catasetum, they emitted their 
tubes. 

The genus Catasetum is interesting to an unusual 
degree in several respects* The separation of the 
sexes is. unknown amongst other Orchids, except per- 
haps in the allied genus Cycnoches. In Catasetum 
we have three sexual forms, generally home on sepa- 
rate plants, but sometimes mingled together on the 
same plant; and these three forms are wonderftilly 
dillerent from one another, much more different than, 
for instance, a peacock is from a peahen. But the 
appearance of these three forms now ceases to be an 
anomaly, and can no longer be viewed as an unparal- 
leled instance of variability. 

This genus is still more interesting in its manner of 
fertilisation* We see a flower patiently waiting wdth 
its antennas stretched forth in a w' ell-adapted position, 
ready to give notice whenever an insect puts its head 
into the cavity of the labelliim. The female Jlona- 
chanthus, not having true pollinia to eject, is destitute 
of antennae. In the male and hermaphrodite forms, 
namely Catasetum tridentatum and Mi/antJms harlatuSf 
the pollinia lie doubled up, like a spring, ready to be 
instantly shot forth when the antennse are touched. 
The disc end is always projected foremost, and is coated 
with viscid matter which quickly sets hard and affixes 
the hinged pedicel firmly to the insect s body* The 
insect flies from flower to flower, till at last it visits a 
female plant : it then inserts one of the pollen-masses 
mto the stigmatie cavity. As soon as the insect flies 
away the elastic caudicle, made weak enough to yield 
to the viscidity of the stigmatie surface, breaks, and 
leaves behind a pollen-mass ; then the pollen-tubes 
slowly protrude, penetrate the stigmatie canal, and the 
of fertilisation is comnleted. Who would have 
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been bold enough to hare surmised that the propaga- 
tion of a species depended on so coniplexj so apparently 
artificial and yet so admirable an arrangement ? 

I have examined three* other genera placed bv 
Lindley in the small sub-family of Catasetid£e, namely, 
Slorniodesj Cycnoches and Cyrtopodimii, The latter 
plant was purchased by me under this name, and bore 
a flower-stem about four feet in height with yellowish 
bracts spotted with red ; but the flow'ers presented 
none of the remarkable peculiarities of the three other 
genera, with the exception that the anther was binged 
to a point projecting from the summit of the coluiim, 
as in Catasetum* 

MormodeB ignea.~liO show how difficult it sometimes 
is to understand the manner in which an Orchid is 
fertilised, I may mention that I carefully examined 
twelve flowers,* trying various experiments and re- 
cording the results, before I could at all make out the 
meaning and action of the several parts. It was plain 
that the pollinia were ejected, as in Catasetuin, but 
lio\v each part of the flow^er played its proper part I 
could not even conjecture, I had given up the case 
as hopeless, until summing up my observations, the 
explanation presently to be given, and subsequently 
proved by repeated experiments to be correct, suddenly 
occurred to me. 

The flow^er presents aix extraordinary appearance, 
and its mechanism is even more curious than its aj> 
pearance (fig* 32), . The base of the column is beul 
backwards, at right angles to the ovarium or footstalk, 

• I must eipresB my cordial two fine spikes, bearing: fin abun- 
thankji to Mr, Kucker, of West dance of Uowers, and fur having 
Hill, Wandsworth, for haring lent allowed me to keep the plant for 
me a plant of this ilormodes with a considerable time, 
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and then resumes an upright position to near its 
summit, where it is again bent. It is, also, twisted in 
a unique manner, so that its front surface, including 



Fig. 32. 
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Mormodes ignea. 

I«iteral view of flower^ with th* upper sepa) uud the near upper petal 

cut off. 

The labelluTu iu the djawing is a little lifted up^ to show the de- 
pression on its under surface^ which ought to be pressed close down 
ou the bent summit of the column. 

I# 



anther. 

pd. peJicsl of pollinimn. 
*■ Stigma. 



L iabdlum. 

L s. lateral sepah 



the anther, rostellum, and the upper part of the stigma 
faces one side of the flower ; this being either to the 
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right or leftj according to the position of the flower 
on the spike* The twisted stigraatic surface extends 
down to the base of the column and is hollowed out 
into a deep cavity at its upper end* The large viscid 
disc of the pollinium is lodged in this cavity close be- 
neath the rosteHum ; and the rostellum is seen in the 
drawing (pd.) covered by the bowed pedieeL 

The anther-case {a in the figure) is elongated and 
triangular, closely resembling that of Catasetim ; but 
it does not extend np to the apex of the column* The 
apex consists of a thin flattened filament, which from 
the analogy of Catasetnm I suppose to be the produced 
filament of the stamen ; but it may be a prolongation 
of some other element of the column. In the hud- 
state it is straight, hut before the flower expands, it 
becomes much bent by the pressure of the labelhim, 
A group of spiral vessels runs up the column as far as 
the summit of the anther-case ; they are then reflexed 
and run some way down the anther-case. The point 
of reflexion forms a short thin hinge by which the top 
of the anther-case is articulated to the column beneath 
its bent summit. The hinge, although smaller than a 
pin's head in size, is of paramount importance ; for it 
is sensitive and conveys the stimulus from a touch to 
the disc of the pollinium, causing it to separate from 
its place of attachment. The hinge also serves to 
guide the pollinium during its ejection. As it has 
to convey the necessary stimulus to the disc, one may 
suspect that a portion of the rostellum, which lies in 
close contact with, the filament of the anther, runs up 
to this point ; but I could not here detect any differ- 
ence in structure on comparing these parts w ith those 
of Catasetnm* The cellular tissue round the hinge 
is gorged with fluid, and a large drop exudes w^heii 
the anther is torn from the column during the ejection 
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of the polliuium. This gorged condition may perhaps 
facilitate the rupture of the hinge. 

The polliuium does not differ much from that of 
Catasetum (see fig. 29, D, p. 183); and it lies in like 
mauner curved round the rostellum, which is less protu- 
berant than in that genus. The upper and broad end of 
the pedicel, however, extends beneath the pollen-masses 
within the anther ; and these are attached by rather 
weak caudicles to a medial crest on its upper surface. 

The viscid surface of the large disc lies in contact 
with the roof of the stigmatic cavity, so that it cannot 
be touched by an insect visiting the flower. The 
anterior end of the disc is furnished with a small de- 
pendent curtain (dimly shown in fig. 32) ; and this, 
before the act of ejection, is continuously joined on 
each side to the upper margins of the stigmatic cavity. 
The pedicel is united to the posterior end of the disc ; 
hut when the disc is freed, the lowermost part of the 
pedicel becomes doubly bent, so that it then appears 
85 il attached by a hinge to the centre of the disc. 

T he lahellum is a highly remarkable structure : it ' 
is narrowed at its base into a nearly cylindrical foot- 
stalk, and its sides are so much reflexed as almost to 
meet at the back, forming a folded crest on the sum- 
mit of the flower. After rising up perpendicularly 
it arches over the apex of the column, against which it 
is firmly pressed down. The labellum at this point is 
hollowed out (even in the bud) into a slight cavity, 
which receives the bent summit of the column. This 
slight depression manifestly represents the large cavity, 
With thick fleshy walls, which insects gnaw, on the 
interior surface of the labellum in the several species 

Catasetum, Here by a siuijular chans:e of funetiouj. 
me cavity serves to keep the labellum in its proper 
position on the summit of the column, but is, perhaps, 
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likewise attractive to insects. In the drawing {fig. 32) 
the labcllum has been forcibly raised a little up, so as 
to show the depression and the bent filament. In its 
natural position it may almost be compared to a huge 
cocked-hat, supported by a footstalk and placed on the 
head of the column. 

The twisting of the column, which I have seen in 
no other Orchid, causes all the important organs of 
fructification in the floivers on the left side of the 
spike to face to the left, and in all those on the right 
side to face to the right. So that two flowers taken 
from opposite sides of the same spike and held in 
the same relative position are seen to be twisted in 
opposite directions. One single flower, which was 
erow'ded by the others, w'as barely twisted, so that its 
column faced the lahellum, Ihe labellum is also 
slightly twisted : for instance, in the flower fi 
which faced to the left, the midrib of the labellum was 
first twisted to the right-hand, and then to the left, but 
in a less degree, and being bent over it pressed on the 
posterior surface of the crooked snmmit of the column^ 
The twisting of all the parts of the flower commences 
in the bud. 

The position thus acquired by the several organs is 
of the highest importance ; for if the column and 
labellum hud not been twisted laterally, the pollinia, 
wlien shot forth, would have struck the ovemrching 
labellum and have then rebounded, as actually oc- 
curred w ith the single abnormal flower having a nearly 
straight column, if the organs had not been twisted 
in opposite directions on the opposite sides of the same 
crowded spike, so as always to face to the outside, there 
would not have been a clear space for the ejection of 
the pollinia and their adhesion to insects. 

When the flower is mature the three sepals hang 
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flown, but tbe two upper petals remain nearly upright. 
The bases of tbe sepals, and espeeially of the two 
upper petals, are thick and swollen and have a 
yellowish tint ; when quite mature, tliey are so gorged 
with fluid, that, if punctured by a fine glass tube, the 
ftuid rises by capillary attraction to some height in it. 
These swollen bases, as well as the footstalk of the 
labellum, have a decidedly sweet and pleasant taste ; 
and I can hardly doubt that- they are attractive to 
insects, for no free nectar is secreted. 

I will noAv endeavour to show how all the parts of 
the flower arc co-ordinated and act together. The 
pedicel of the pollininm is bowed round the rostellum, 
as in Catasetum; in this latter genus, when freed, 
it merely straightens itself with force, in Mormodes 
something more takes place. If the reader will look 
forward to fig. Sd (p. 223), he will see a section of the 
flower -hud of the allied genus of Cycnoelies, which 
differ.? only in the shape of the anther and in the viscid 
disc having a much deeper dependent curtain. Now 
let him suppose the pedicel of the pollininm to be so 
elastic that, when freed, it not only straightens itself, 
but suddenly bends bade on itself with a reversed 
curvature, so as to form an irregular hoop* The 
curved surface which was before in contact with 
the protuberant rostellum now forms tlie outside 
of the hoop. The exterior surface of the curtain, 
which depends beneath the disc, is not viscid; and 
it now lies on the anther-case, with the viscid surface 
of the disc on the outside. This is exactly w^hat takes 
place with Mormodes, But the polliiiiuin assumes 
with such force its reversed curvature (aided, appa- 
rently, by a transverse curling outwards of the margins 
of the pedicel), that it not only forms itself into a 
hoop, but suddenly springs away from the protuberant 
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face of tke rostelhim. As the two pollen-masses 
adhere, at first, rather firmly to the anther-ease, the 
latter is torn off by the rebound ; and as the thin 
hinge at the summit of the anther-case does not yield 
so easily as the basal margin, the pollinium together 
with the antlier-case is instantly swung upwards like a 
pendulum. But in the course of the upward swing 
the hinge yields, and the whole body is projected 
perpendicularly up in the air, an inch or tw^o above and 
close in front of the terminal part of the labellmn. If 
no object is in the ivay, as the pollinium Mis down, 
it generally alights and sticks, though not firmly, on 
the folded crest of the labellumj directly over the 
column. I witnessed repeatedly all that has been 
here described. 

The curtain of the disc, which, after the pollimuiu 
has formed itself into a hoop, lies on the anther-case, 
is of considerable service in preventing the viscid edge 
of the disc from adhering to the anther, and thus 
permanently I'eMning the pollinium in the form of a 
hoop. This ivould have been fatal, as we shall pre- 
sently see, to a subsequent movement of tho pollinium 
w'hich is necessary for the fertilisation of the flower. 
In some of my experiments, when the free action 
of the parts was checked, this did occur, and the 
pollinium, together with the anther-case, remained 
permanently glued together in the shape of an ir- 
regular hoop, 

I have already stated that the minute hinge by 
which the anther-case is articulated to the column, a 
little way beneath its bent filamentary apex, is sen- 
sitive to a touch. I tried four times and found 
that I could touch wdth some force any other part ; 
but when I gently touched this point with the finest 
needle, instantly the membrane which unites the disc 
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to the edges of the stignmtic cavity where it' is lodged, 
ruptured, and the pollinium was shot upwards aud fell 
on the crest of the labellum as just described. 

Now let us suppose an insect to alight on the 
folded crest of the labellum, and no other convenient 



landing-place is afforded, and then to lean over the 
front of the column so as to gnaw or suck the bases of 
the petals swollen with sweet fluid. The weight aud 
movements of the insect would disturb the labellum 
and the bent underlying summit of the column ; and 
the latter, pressing on the hinge in the angle, would 
cause the ejection of the pollinium, which would in- 
fallibly strike the head of the insect and adhere to 
it. I tried by placing my gloved finger on the summit 
of the labellum, with the tip just projecting beyond 
its margin, and then gently moving my finger it was 
really beautiful to see how instantly the polliniinn 
was projected upwards, and how accurately the viscid 
surface of the disc struck my finger and firmly 
adhered to it. Nevertheless, I doubt whether the 
weight and movements of an insect wonld suffice to 
thus act indirectly on the sensitive point ; but look 
at the drawing and see how probable it is that an 
insect leaning over would place its front legs over the 
edge of the labellum on the summit of the anther- 
case, and thus touch the sensitive point. The pol- 
liiiiani would then be ejected, aud the viscid disc 
would certainly strike and adhere to the insect’s head. 

lleforo proceeding, it may be worth while to mention 
some of the early trials which I made. I pricked 
deeply the column in different parts, including the 
stigma, and cut off the petals,' and even the labellum, 
without causing the ejection of the ])ollinium ; this, 
however, once happened when I cut rather roughly 
through the thick footstalk of the labellum, the fila- 
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mentary summit of the column no doubt having been 
thus disturbed. When I gently prised up the anther^ 
case at its base or on one side^ the pollinium was 
ejected^ but then the sensitive hinge would necessarily 
have been bent. When the flower has long remained 
expanded and is nearly ready for spontaneous ejection, 
a slight jar on any part of the flower causes the 
action. Pressure on the thin pedicel of the pollinium, 
and therefore on the underlying protuberant rostellum, 
is Ibllow'ed by the ejection of tho pollen-masses ; hut 
this is not snrprising, as the stimulus from a touch 
on the sensitive hinge has to be conveyed through 
this part of the rostellum to the disc* In Catasetum 
slight pressure on this point does not cause the act 
of ejection ; but in this genus the protuberant part of 
the rostellum does not lie in the conrse along which 
the stimulus has to be conveyed from the antennie 
to the disc, A drop of chloroform, of spirits of wine, or 
of boiling water placed on this part of the rostelliiiu 
produced no effect ; nor, to my surprise, did exposure 
of the w'hole flow^er to vapour of chloroform. 

Seeing that this part of the rostellum was sensitive 
to pressure, and that the flow^er was widely open on 
one side, and being pro-occupied wdth the ease of Cata- 
setum, I at first felt convinced that insects entered the 
lower part of the flower and touched the rostellum. 
Accordingly I pi'essed the rostellum wdth variously- 
shaped objects, but the viscid disc never once adhered 
in a proper maimer to the object If I used a thick 
needle, the pollinium, when ejected, formed a hoop 
round it wdth the viscid surface outside ; if I used a 
broad flat object, the pollinium struggled against it 
and sometimes coiled itself up spirally, but the disc 
either did not adhere at all, or very imperfectly. At 
the close of the twelfth trial I was in desjmir. Tlio 
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strange position of the labellum, perched on the summit 
of the column, ought to have shown me that here was 
the place for experiment. I ought to have rejected 
the notion that the hibellum was thus placed for no 
good purpose. This plain guide was overlooked, and 
for a long time I completely failed to understand the 
structure of the flower. 

We have seen that when the pollinium is ejected 
and swings upwards, it adheres hy the viscid surface 
of the disc to any object projecting beyond the edge 
of the labellum directly over the'column. When thus 
attached, it forms an irregular hoop, with the torn-off 
anther-case still covering the pollen-masses which are 
close to the disc, but protected from adhering to it 
by the dependent curtain. Whilst in this position 
the projecting and bowed part of the pedicel would 
effectually prevent the pollen-masses from being placed 
on the stigma, even supposing the anther-case to have 
fallen off. Now let US suppose the pollinium to be 
attached to an insect’s head, and observe what takes 
place. The pedicel, when first separated from the ros- 
tellum, is damp ; as it dries, it slowly straightens 
itself, and ’when perfectly straight the anther-case 
readily drops off- The pollen-masses are now naked, 
and they ai-e attached to the end of the pedicel by 
easily ruptured caudicles, at the right distance and in 

proper position for their insertion into the adhesive 
stigma, as soon as the insect visits another flower. 
Thus every detail of structure is now perfectly adapted 
for the act of fertilisation. 

When the anther-case drops off, it has performed its 
triple function ; namely, its hinge as an organ of sense, 
Its weak attachment to the column as a guide causing 
the pollinium at first to swing perpendicularly upwards, 
and its lower margin, together with the curtain ol the 
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disCj as a protection to the pollen-masses from being 
permanently glued to the yiscid disc* 

From observations made on fifteen flowers, it wag 
ascertained that the straightening of the pedicel does 
not occur until from twelve to fifteen minutes have 
elapsed. The first movement causing the act of ejec- 
tion is due to elasticity, and the second slow movement 
to the drying of the outer and convex surface ; but 
this latter movement differs from that observed in the 
pollinia of so many Vandea> and Ophreae, for, when 
the pollininm of this Mormodes was placed in water, 
it did not recover the hoopdike form which it had at 
first acquired by elasticity* 

The flowers are hermaphrodites. The pollinia are 
perfectly developed* The elongated stigmatic surface 
is extremely viscid and abounds with innumerable 
iitriculi, the contents of which shrink and become 
coagulated after immersion for less than an hour in 
spirits of wine. When placed in spirits for a day, the 
utriculi were so acted on that they disappeared, and this 
I have not noticed in any other Orchid. The ovules, 
after exposure to spirits for a day or tw^o, presented 
the usual semi-opaque, pulpy appearance common to 
all hermaphrodite and female Orchids. From the 
unusual length of the stigmatic surface I expected 
that, if the pollinia were not ejected from the excite- 
ment of a touch, the anther-case would have detached 
itself, and the pollen-masses would have swung down- 
wards and fertilised the stigma of the same flower. 
Accordingly, I left four flow crs untouched ; after they 
had remained expanded from eight to ten days, the 
elasticity of the pedicel conquered the force of attach- 
ment and the pollinia w'ere spcuitaiieoiisly ejected, hut 

they did not fall on the stigma and were consequently 
wasted. 
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Altlioiigli Mortmdes ignea is an hermaphrodite, yet 
it mast be as truly dicecious in function as Catasetum • 
for as it takes from twelve to fifteen minutes before 
the pedicel of an ejected pollinium straightens itself 
and the anther-case drops off, it is almost certain that 
\>'ithin this time an insect with a pollinium attached 
to its head would have left one plant and flown to 
anotlier. 

ilfo? }]iod6s 2'Ux^tOit ‘Tliis rfiro fuid fin6 spcciGs is fcrti* 
lised in tlie same manner as Mormodes ignea, but differs 
in several important points of structure. The right 
and left sides of the same flower differ from one another 
even in a greater degree than in the last species. One 
oi the petals and one of the sepals project at right 
angles to the column, while the corresponding ones 
stand upright and surround it. The upturned and 
twisted labellum is furnished with tw^o large lateral 
lobes : of these one embraces the column, w^hile the 
other stands partly open on the side w^here the one 
petal and sepal lie flat. Insects can thus easily enter 
the flo^ver on this latter side. All the flowers on the 
left side of the spike are open on their left sides, while 
those on the right side are open on this side. The 
twisted column with all the important accessory parts, 
together with the rectangularly bent apex, closely re* 
semble the corresponding parts in itf, igma. But the 
under side of the labellum does not rest on and press 
against the rectangularly bent apex of the cohmm, 

I his stands free in the middle of a cup formed by the 
extremity of the labellum, 

I did not obtain many flow'ers fit for examination* 
fis three had ejected their pollinia owing to the shocks 
received during their journey, I pricked deeply the 
iabelium, column and stigma of some of the flowers 
any effect ; but when I lightly touched with a 
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needle, not the anther-hinge as in the last species, but 
tlie apex of the cohimn of one flower, the pollinium 
was instantly ejected. The bases of the petals and 
sepals are not s^vollen and succulent like those of 
31 iffnea ; and I have little doubt that insects gnaw 
the labelhim, wliieh is thick and fleshy, with the same 
peculiar taste as in Catasetnin, If an insect were to 
gnaw the terminal cnp, it conld hardly fall to touch 
the apex of the column, and then the polliniiim wmiUl 
swing upwards and adhere to some part of tlie insect’s 
body. The pedicels of the pollinia straighten them- 
selves and the anther-cases are cast off, in about fifteen 
minutes after the act of ejection. We may therefore 
confidently believe that this species is fertilised in the 
same peculiar maimer as Mor modes iffnea, 

Ci/C 7 toches ventrico8U7n*—^liL* \ eitch was so kind as to 
send me on two occasions several flowers and flower- 
buds of this extraordinary plant, A sketch of a 
flower in its natural position, with one sepal cut off, 
is shown at fig. 33 (p* 222), and a longitudinal section 
through a young hud at fig. 34 (p* 223), 

The labellnm is thick and fleshy, with the usual 
taste of this organ in the Catasetidfe ; it resembles in 
shape a shallow basin turned upside down. The two 
other petals and the three sepals are reflexed. The 
column is almost cylindrical, thin, flexible, elastic 
and of extraordinary length. It curves round so 
as to bring the stigma and anther opposite to and 
beneath the convex surface of the labellnm. The 
apex of the column is not nearly so much produced as 
in Mormodes and Catasetnm. The pollinia closely 
resemble those of Mormodes ; but the disc is larger, 
and its curtain, which is fringed, is so large that it 
covers the whole entrance into the stiginatic chamber* 
The structure of these parts is best seen in the section, 
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fig. 34 ; in which the pedicel of the poUinium has not 
as vet become separate from the rostellum, but the 
future line of separation is shown by a line (dotted 
in the figure) of hyaline tissue. The filament of the 
anther (/, fig. 34) has not as yet grown to its full 
length. When fully developed it bears two little leaf- 
like appendages which lie on the anther. Lastly, 
on the sides of the stigma there are two slight 
protuberances (fig. 33), which apparently represent 
the antennae of Catasetuin, but have not the same 
function. 

Neither the labellum nor the protuberances on the 
sides of the stigma are at all sensitive ; but when on 
three occasions I momentarily touched the filament, 
between the little leaf-like ajipenrlages, the pollinium 
was ejected in the same manner and through the 
same mechanism as in hlormodes ; but it was thrown 
onlv to the distance of about an inch. If the filament 
had been touched by an object whieh had not been 
quickly removed, or if by an insect, the viscid disc 
would certainly have adhered to it. Mr* Veitch informs 
me that he has often touched the end of the column, 
and the pollinium has adhered to his finger. When 
the pollinium is ejected, the pedicel forms a hoop, with 
the e:xterior surface of the curtain of the disc resting 
ou and covering the anther* In about fifteen minutes 
the pedicel straightens itself, and the anther-case 
drops oft' ; and now the pollinium is in a right position 
for fertilising another tiower* As soon as the viscid 
matter on the under surface of the disc is exposed to 
the air it quickly changes colour and sets hard* It 
then adheres with surprising force to any object* 
From these various facts and from the analogy ot the 
other Catasetidie, we may conclude that insects visit 
the flowers for the sake of gnawing the labellum * 
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but it cannot be predicted whether they alight on the 
surface which is uppermost in the drawing (tig. 33) and 

Fig. 33. 



I 

Cycnoches V extricosum. 

Flower viewed in its nsitural dependent position. 



a column^ after the ejection of 
the pollialum tosjcther with 
the anther, 

^lament of anther. 



s. stigmatic cavity. 

Ij. labellum. 
pcL the two lateral jietals. 
sepals. 



then crawl over the margin so as to gnaw the convex 
surface, and in doing so touch with their abdomens 
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the extremity of the cohmin, or whether they first 
alight on this part of the column ; but in either case 
they would cause the ejection of the pollinia, which 
would adhere to some part of their bodies. 

The specimens which I examined were certainly 



iiiatter which was not adhesive. But as the flowers 
cannot possibly be fertilised until the pollinia have 
been ejected, together with the great curtain which 
covers the whole stigmatic surface, it may be that 




OlAGHAMMATIC SeCTIO^T OF A FlOWEH-BUD, THE COLUMN PLACED 

UPIUGilT, 



Aiither^ 

/> filament of anther* 
l>olloii-tna&s* 




d. disc of pollinmm with the depen- 
dent curtain. 



pd. pedicel of pollinium, barely se- 
parated as vet from the ros- 
telliun* 



ffiale plants, for the pollinia were well developed. The 
stigmatic cavity was lined with a thick layer of polpy 
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this surface becomes at a later period adhesive so as to 
secure the pollen-masses- The ovules when kept for 
some time in alcohol ^vere filled with brownish puipy 
matteij as is always the case with perfect ovules. 
Therefore it appears that this Cycnoches must be an 
hermaphrodite ; and Hr. Bateman^ in his* work on the 
Orchideae, says that the present species produces seeds 
without being, as I understand, artificially fertilised ; 
but how this is possible is iiniiitelligible to me. On 
the other hand, Beer says * that the stigma of Cyc- 
noches is dry, and that the plant never sets seeds. 
According to Bindley G. v&ntrieosum produces on the 
same saipe flowers with a simple labellum, others with 
a much segmented and difierently coloured labellum 
(viz., the so-called C. effertonianum)^ and others iu an 
intermediate condition. From the analogous differ- 
ences ill the flowers of Catasetiim, we are tempted to 
believe that we here have male, female, and herma- 
phrodite forms of the same species of C ycuoches. f 

I have now finished my description of the Catasetida 
as well as of many other Vandete. The study of these 
wonderful and often beautiful productions, with all 
their many adaptations, with parts capable of move- 
ment, and other parts endow ed w ith something so like, 
though no doubt difterent from, sensibility, has been to 
me most interesting. The flow^ers of Orchids, in their 
strange and endless diversity of shape, may be com- 

* Quoted by Ir mi Sfh, * lie itrilgG Mr. Bnteimn also aavs tliftt C. 
zxiT Biolvgie dur Ordiideen/ ]Sd3, egetioinanum biis bet ii kuowu to 
p- 22 . produce m Gnalcnuila ftud once 

t Lindlcy's * Vegetable King- iu EDglHiid ecepes of ii piirple- 
dnni/ 18o^, p. 177, He ho,a alsiu tLoweieci and widely different 
]>nbli&lied in the VBotantrai Itegia- ciew of Cycnoches; but it 
Icr/ foL n>5l^ a cjfSfi of two foiiiiB guTieTFLlly produces in England 
nppeariug on the acajj>e of tenpes of the cominou yellow 

ftiiother spec 108 of CycucDchis. 
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pared with the great vertebrate class of Fish, or still 
more appropriately with tropical Homopterous insects, 
ivhich appear to us as if they had been modelled 
in the wildest caprice, but this no doubt is due to 
our ignorance of their requirements and conditions 
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CHAPTER VIIL 

CYPRIPEDE.E — HOMOLOGIES OF THE FLOWERS OP 

ORCHIDS. 

Cypripedium diftew much from all other Orcliid-^— *Labellnra in the 
hjriH of a Silipjier wick two ^mall oiifioes by which imsecta con escape 
— Manner of fertilisiitian by anmll btfog. of the genua Andreua — 
Homological nature of the seTcral parts of the tiowers of the Orchideas 
— Wonderful uniouut of inodihcutiou which they have anJergone. 

We have now airived at Lindley’s last and seventh 
tribe, including, according to most botanists, only a 
single genus, Cypripedium, which dififers from all 

other Orchids far more than any other two of these 

*■ 

do from one another^ An enormous amount of ex- 
tiuotion must have swept away a multitude of inter- 
mediate forms, and has left this single genus, now 
widely distributed, as a record of a farmer and more 
simple state of the great Orehidean Order. Cypripe- 
dium possesses no rostelluni ; for all three stigmas 
are fully developed, though confluent. The single 
anther, which is present in all other Orchids, is here 
nidimoutary, and is represented by a singular shield- 
like projecting body, deeply notched or hollowed out 
on its lower margin. There are two fertile anthers 
which belong to an inner whorl, represented in ordinary 
Orchids by various rudiments. The grains of pollen 
are not united together by threes or fours, as in so 
many other genera, nor are they tied together by 
elastic threads, nor furnished with a caudicle, nor 
cemented into waxy masses^ The labelluin is of 
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large size, and is a compound organ as in all other 
Orriliids. 



The following remarks apply only to the sis spceios 
which I have examined, namely, a barhatum, purpu- 
ratum, msiffne, vmusium, pttbescens and acaule ; tliongh 
I have casually looked at some other kinds, a’he 
basal part of the labellum is folded round the short 
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anther. 

a'* rudimentary, shieid-like anther, 
stigma. 

I labellum. 

A. I< lower viewed from above^ with 
the sepals and petals, excepting 
the labellum, j>artly cut offL 
The labellum has been slightly 
depressed, so that the doi-sai , 



surface of the stigma is ex- 
posed ; the edges ot the labei- 
ium have thus become a little 
separated and the toe or ex- 
tiemity stands lower than b 
Hiituial. 

li. Side view of column, with all 
the sepals and petals removed. 



culuiun^ SO tliat its edges nearly meet along the dorsal 
surfaee ; and the broad extremity is folded over in a 
peculiar mannerj forming a sort of shoe, which closes 
lip the end of the flower. Hence arises the English 
name of Ladies’-slipper, Tlie overarching edges of the 
labellum are inflected or sometimes only smootli and 
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polished internally ; and this is of much iraportancej 
as it prevents insects which have once entered the 
lahellum from escaping through the great opening in 
the upper surface. In the position in which the flo\ier 
grows, as here represented, the dorsal surface of the 
column is uppermost* The stigmatic surface is slightly 
protuberant, and is not adhesive; it stands nearly 
parallel to the lower surface of the lahellum. With a 
tiower in its natural shite, the margin of the dorsal 
surface of the stigma can be barely distinguished be- 
tw’een the edges of the lahellum and through the 
notch in the rudimentaiy, shielddike anther (a') ; but 
in the drawing (a, fig. A) the margin of the stigma has 
been brought outside the edges of the depressed la- 
bell um, and the toe is a little bent do wm wards, so that 
the flower is represented as rather more open than it 
really is. The edges of the pollen-masses of the two 
lateral anthers (a) can be seen through the two small 
orifices or open spaces in the lahellum (fig. A) on 
each side, close to the column. These two orifices are 
essential for the fertilisation of the flower* 

The grains of pollen are coated by and immersed in 
viscid fluid, which is so glutinous that it can be drawn 
out into short threads. As the two anthers stand be- 
hind and above the lower convex surface (see fig. B) of 
the stigma, it is impossible that the glutinous pollen 
can without some mechanical aid get on to this, the 
efficient surface of the stigma. The economy here 
shown by Nature in her manner of gaining the same 
end is surprising. In all the other Orchids seen by 
]ne, the stigma is viscid and more or less concave, by 
which means the dry pollen, transported by means of 
the viscid matter secreted by the rostellum or modified 
stigma, is retained. In Cypripedium the pollen is 
glutinous, and assumes the function of viscidity, which 
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iu ail other Orchids except Vanilla belongs exclusively 
to the rostellum and the two confluent stigmas. These 
latter organs, on the other hand, in Cypripedtmn en- 
tirely lose their viscidity, and at the same time become 
slightly convex, so as more effectually to rub off the 
glutinous pollen adhering to the body of an insect. 
Moreover in several of the North American species, 
as in 0. aeaule and imbeaeens, the surface of the stigma 
is beset, as Professor Asa Gray remarks, * “ ivith 
minute, rigid, sharp-pointed papillfe, ail directed for- 
wards, which are excellently adapted to brush off the 
pollen from an insect’s head or back.” There is one 
partial exception to the above rule of the pollen of 
Cy|)ripedium being viscid while the stigma is not 
viscid and is not convex ; for in C. aeaule the pollen 
is more granular and less viscid, according to Asa 
Gray, than in the other American species, and in 
C. aeaule alone the stigma is slightly concave and 
viscid. So that here the exception almost proves the 
truth of the general rule. 

I have never been able to detect nectar within the 
labelluni, and Kurr t makes the same remark with 
respect to C. caleeolua. The inner surface of the la- 
hellum, however, in those species which I examined, 
is clothed wdth hairs, the tips of which secrete little 
drops of slightly viscid fluid. And these if sweet or 
nutritious would suffice to attract insects. The fluid 
when dried forms a brittle crust on the summits of tiie 
hairs. Whatever the attraction may be, it is certain 
that small bees frequently enter the label lum. 

Formerly I supposed that insects alighted on the 
labellum and inserted their proboscides through either 



* ‘Aiucrk'im.Toiirtml of Science,’ + ‘B«leulniig tier Ntitarien, 
Tol. xxxiv. 1803, p. 428. 1833, p. Vi. 
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of tlie orifices close to the anthers ; for I foimd that 
when a bristle was tluis inserted tlie glutinous pollen 
adhered to it, and eonld afterwards be left on the 
stigma; but this latter part of the operation was not 
well effected. After the pnbliciition of my lx)ok 
Professor Asa Oray wrote to me * that he was convinced 
I'rom an examination of several American species that 
the flowers were fertilised by small insects entering the 
lahelliun through the large opening on the upper sur- 
face, and crawling <nit by one of the two small orifices 
close to the anthers and stigma. Accoitlingly 1 first 
introduced some flies into the labolliim of C. pubescem, 
through the large upper opening, but tliey were either 
too large or too stupid, and did not crawl out properly. 
I then caught and placed within the iaboilum a very 
small bee which seemed of about the right size, namely, 
Andrena parvula, and this by a strange chance proved, 
as Me shall presently see, to belong to the genus on 
which in a state of nature the fertilisation of C. caheo- 
Im depends. The bee vainly endeavoured to craii 1 out 
again the same way by whicli it had entered, but always 
fell backwards, owing to the margins being inflected. 
The labelluin thus a<*ts like one of those conical traps 
M'ith tlie edges turned inwards, which are sold to catch 
beetles and cockroaches in the London kitchens. It 
could not creep out through the slit between the folded 
edges ot the basal part of the labelluin, as the elongated, 
tiiangular, indiiiientary stamen here closes the passage. 
Ultimately it forced its way out through one of the 
small orifices close to one of the anthers, and was 
found M hen caught to be smeared wdth the glutinous 
pollen. I then put the same bee hack into the label- 
lum , and again it crawled out through one of the small 

See also ‘ Atnerican Journal of Si>ience/ voL xxsiv. 1S62;, p. 427. 
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arifices, always covered with, pollen. I repeated the 
operation five times, always with the same result. I 
afterwards cut away the labellum, so as to examine tlie 
stigma, and foimd its whole surface covered with pollen. 
It should be noticed that an insect in making its escape 
must first brush past tlie stigma and afterwards one of 
the anthers, so tiiat it cannot leave pollen on the 
stigma, until being already smeared with pollen from 
one flower it enters another ; and thus there will be a 
good chance of cross-fertilisation between two distinct 
plants. Delinno* with mnch sagacity foresaw that 
some insect would be discovered to act in this manner ; 
for he argued that if an insect were to insert its pro- 
boscis, as I had supposed, from the outside through 
one of the small orifices close to one of the anthers, the 
stigma would be liable to be fertilised by the jilant’s 
own pollen : and in this he did not believe, from 
having confidence in what I have often insisted on— 
namely, that all the contrivances for fertilisation are 
arranged so that the stigma shall receh'e pollen from 
a distinct flower or plant. But these speculations are 
now all superfluous ; for, owing to the admirable ob- 
servations of Dr. H. Muller,t we know tliat Ctjp-i- 
fedium mleeolua in a state of nature is fertilised in the 
manner just described by bees belonging to five species 
of Anclrena. 

Thus the use of all the parts of the flower, — namely, 
the inflected edges, or the polished inner sides of the 
labellum, — the two orifices and their position close to 
the anthers and stigma, — -the large size of the medial 
rudimentary stamen, — are rendered intelligible. An 



* ‘ Pecondaziono ncile I’ianto ssv. III. Fohe, v. Pd. p. 1: se« 
Ant> oarpt-e,’ 1S07, p. ZO. ala" ‘ PtfrucCtung cler Blumen, 

t ‘Verli. d. Nat. Ver. fiir Pr. 1S73, p. 7S, 

Ptieiulucid uud WBstlkl.’ Jalirg, 
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insect wbidi enters the labelluiii is thus compelled to 
crawl out by one of tlie two narrow passages, on the 
sides of which the pollen-masses and stigma are placed. 
We have seen that exactly the same end is gained in 
the case of Coryaiithes by the labellum being half- 
filled with secreted fluid; and in the case of Pterostylis 
and some other Australian Orchids by the labellum 
being irritablej so that when touched by an entering 
insect it shuts up the flowerj with the exception of a 
single narrow passage** 

llomologieal Nature of the several Parts of the Flowers of 

the Oreliidem, 

The theoretical structure of tew flo^vers has been so 
largely discussed as that of the Orchide® ; nor is this 
surprising, seeing Low unlike they are to common 
flowers ; and here will be a eonyenient place for con- 
sidering this subject. No group of organic beings can 
be well understood until their homologies are made 
out ; that is, until the general pattern, or, as it has 
often been called, the ideal type, of the several iti em- 
bers of the groujj is intelligible. No one member 
may now exist exhibiting the full pattern ; but this 
iloos not make the subject less important to the natu- 
ralist,— probably malves it more important for the 
liiU^inderstaiiding of the group. 

The homologies of any being, or group of beings, 

* SeUniiwdium palmifoliurn is tlie fish-pfit fiyjstem, i. e, a funnel- 
one or tho Cypdpedeffl, and flhapfid oiK ning; conduf^ta into if, 
OfToruing to Dr. Crug^-jr (" Jouriu and tind it difficult to 

' J8G4, p, escape through the .s-ame. Tbe 

Id-t) bears very tragraiC ilowera, only other opening near the base 
w Inch * m ull probability are of tlie labellum is j>urtly closed 
aiwaya ijiipregnated by by the sexual apparatus, and tho 

no Jabeiium i:?, like some Aris^ insect has to Ibrca its way out 
toiochia-flowers, coastruchd after there*” 
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can be most surely made out by tracing their embryo- 
logical development when that is possible ; or by the 
discovery of organs in a rudimentary condition ; or by 
tracing, through a long series of beings, a close gradation 
from one part to another^ until the two parts or organa, 
though employed for widely different functions and 
most unlike each other, can be joined by a succession 
of short links. No instance is known of a dose gradation 
between two organs, unless they are homologically one 
and the same organ. 

The importance of the science of Homology rests on 
its giving us the key-note of the possible amount of 
difference in plan wdthin any group ; it allows us to 
class under proper heads the most diversified organs ; 
it shows us gradations which would otherwise have 
been overlooked, and thus aids us in classification ; it 
explains many monstrosities ; it leads to the detection 
ot obscure and hidden parts, or mere vestiges of parts, 
and show's us the meaning of rudiments. Besides 
these uses, Homology clears away the mist from such 
terms as the scheme of nature, ideal types, archetypal 
patterns or ideas, &c. ; for these terms come to express 
real facts. The naturalist, thus guided, sees that all 
homologous parts or organs, however much they may 
be diversified, are modifications of one and the same 
ancestral organ ; in tracing existing gradations he 
gains a clue in tracing, as far as that is possible, the 
probable course of modification through which beings 
have passed during a long line of generations. He 
may feel assured that, whether he follows embryo- 
logical development, or searches for the merest rudi- 
ment, or traces gradations between the most different 
beings, he is pursuing the same object by different 
routes, and is tending tow'ards the knowledge of the 
iictual progenitor of the group, us it once grew^ and 
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lived. Thus the subject of Homology gains largely 
in interest, 

Althouglr this subject, under whatever aspect it be 
viewed, will always be most interesting to the student 
of nature, it is very doubtful whether the following 
details on the homological nature of the flowers of 
Orchids will possess any interest for the general reader. 
It, indeed, he cares to see how much light an acquaint- 
ance with homology, though far from perfect, throws 
on a subject, tiiis will, perhaps, be nearly as good an 
instance as could be given. He will see how enriously 
a flower may be moulded out of many separate organs, 
—how perfect the cohesion of primordially distinct 
parts may become, — how organs may be used for pur- 
jioses widely diflerent from their proper uses, — how 
other organs may be entirely suppressed, or leave mere 
useless emblems of their former existence. FiiiaJIv, 
he will see bow enormous has been the amount of 
change which these flowers have undergone from their 
parental or typical form. 

Robert Brown finst clearly discussed the homologies 
of Orchids,* anil left, as might bo expected, little to 
be done. Guided by the general structure of mono- 
eotyledonous plants and by various considerations, 
be propounded the doctrine that the flower properly 
consists of three sejrals, three petals, six anthers in 
tw o whorls or circles (of which only one anther belong- 
ing to the outer whorl is perfect in all the common 
forms), and of three pistils, with one of them modified 
into the rostellnm. These fifteen organs arc arranged 
as usual, alternately, three within three, in five whorls. 
Of the existence of three of the anthers iii two of 



_ * I believe hia latent views ate 
given ill hia celebrated paper, read 
Nov. 1-15, 18:il,and publialicd iu 



the Linncnn Tr ansae tioni#,* vol 
xvi. p, C85. 
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the whorls, K. Brown offers no sufficient evidence, but 
believes that they are combined with the labellum, 
whenever that organ presents crests or ridges. In 
these views Brown is followed by Bindley,* 

Brown traced the spiral vessels in the flower by 
making transverse sections, f and only occasionally, as 
far as it appears, by longitudinal sections. As spiral 
vessels are developed at a very early period of growth, 
and this circumstance always gives much value to a 
part in making out homologies ; and ns they are ap- 
parently of high functional importance, though their 
lunction is not w'ell known, it appeared to me, guided 
also by the advice of Dr. Hooker, to be worth while to 
trace upwards all the spiral vessels from the six groups 
surrounding tlie ovarium. Of the six ovarian groups 
of vessels, I will call (though not correctly) that under 
the labellum the anterior group; that under the 
upper sepal the posterior group ; and the two groups 
on the two sides of the ovarium the antero-lateral and 
postero-lateral groups. 

The result of my dissections is given in the following 
diagram (fig, 36), The fifteen little circles represent 



* Professor Aaa Gray has de- 
scribed in the ^American Journal 
of Science,' July ] a inonstrous 
dower of Cffpripedium candfdumf 
and remarks on it, ** here we have 
(and perhaps the first direct) 
demonstration tlmt the orchideoiia 
type of flower ha 8 two stmniiial 
verticils, as Brown alwa)"a in- 
ated ’ Dr, Criiger a 1 fco advances 
evidence ( * Journ. Linn. Soc, 
vol. viii. 1S6I, p. 132) iu 
favour of the presence of dve 
'vhorls of organs t but he denies 
that the honiulogies of the parts 

be deduced from the oourse of 
the voest ls, and he docs not admit 
that the labenum is formed by 



the union of one petal with two 
petuloid stameua. 

t * Linn, TrensacL* vol. p. 
€96-701. Link in Jiis * Bemer- 
kungon iiber dcr Ban der Orohi- 
deen ' Botanischo Zeitung/ 1849* 
p, 745) seems to have also trusted 
to trfmsvcrso SL^ctions. Had he 
traced the vessels upwards I can- 
not believe that he wtmld have 
disputed Brown*s view of tlm 
nature nf the two anthers in 
Cypripedium, Brougnlart in h d 
admirable pa|HT (*Annale& dca 
Seionces Nat/ tom. xsiv. 1831) 
incidentally shows the courise of 
some of the spiral vcsisels. 
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SO many groups of spiral vessels, in every ease traced 
down to one of the six large ovarian groups. They 
alternate in five whorls, as represented ; but I have not 
attempted to give the actual distances at which they 
stand apart. In order to guide the eye, the three 
central groups running to the three pistils are con- 
nected by a triangle. 



S S. Stigmas; Sn stigma fdodifi^d Rudimeutarr anth^r^ of the 



Five groups of vessels run into the three sepals 
together with the two upper petals ; three enter the 



Upper or posterior sepal. 





A|. Fertile anther of the outer 
whorl ; A„ anthers of the 
same whorl combiDed with 
the lower j>eUl, forming the 
label lum. 



inner whorl (fertile in Cypri- 
jiediura), generally forniing 
the clinandrum ; third 

anther of the same xvhcirl, 
when present, forming the 
front of the column. 
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lalellum ; and serea nm up tiie great central column. 
These vessels are arranged, as may be seen, in rays 
j)roceeding from the axis of the flower ; and all on the 
same ray invariably nm into the same ovarian group ; 
thus the vessels supplying the upper sepal, the fertile 
anther (Aj), and the upper pistil or stigma (i, e. the 
rostellum S,,), all unite and form the posterior ovarian 
group. Again, the vessels supplying, for instance, the 
left lower sepals, the comer of the labellum and one 
ot the two stigmas (&) on the same side, unite and form 
the antero-lateral group; and so with all the other 
vessels. 

Hence, if the existence of groups of spiral vessels 
can be trusted, the flower of an Orchid certainly 
consists of fifteen organs, in a much modified and 
confluent condition. We see three stigmas, with the 
two lower ones generally confluent, and with the upper 
one modified into the rostellum. We see six stamens, 
arranged in two whorls, with generally one alone (Ai) 
lertile. In Cypripedium, however, two stamens of 
the inner w’horl {a^ and a^) are fertile, and in other 
Orchids these two are represented more plainly in 
various ways than the remaining stamens. The third 
stamen of the inner whorl {a^, when its vessels can 
be traced, forma the front of the column : Brown 
thought that it often formed a medial excrescence, 
or ridge, cohering to the labellum ; or, in the case of 
Glossodia,* a filamentous organ, freely projecting in 
front of the labellum. The former conclusion does 
not agree with my dissections ; about Glossodia I 
know nothing. The two infertile stamens of the outer 
whorl (A2, A3) w-ere believed by Brown to be only 
occasionally represented, and then by lateral excre- 

* See Bmwn^s obaervationa ‘ Plsiiittc rariorea/ 1830, 

under ApuutasLu in VVallich’tt p. 74. 
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sceiices on the labellum ; but I find the corresponding 
vessels invariably present in the labellum of every 
Orchid examined, — even when the labellum is very 
narrow or quite simple, as in Malaxis, Herminium, 
or llabenuria. 

We thus see that an (Orchid-flower consists of five 
simple parts, namely, three sepals and two petals; 
and of two compounded parts, namely, the column and 
labellum. The column is formed of three pistils, and 
generally of four stamens, all completely confluent. 
The labellum is fonned of one petal with two petaloid 
stamens of the outer whorl, likewise completely con- 
fluent. I may remark, as making this fact more 
probable, that in the allied Marantace® the stamens, 
even the fertile stamens, are often petaloid, and 
partially cohere. This view of the nature of the label- 
Imn explains its large size, its frequently tripartite 
form, and especially the manner of its coherence to the 
column, unlike that of the other petals.* jVs rudi- 
mentary organs vary much, we can thus perhaps 
understand the variability, which as Dr. Hooker informs 
me is characteristic of the excrescences on the labellum. 
In some Ordiids which have a spur-like nectary, the 
t^vo sides are apparently formed by the two modified 
stamens ; thus iu Qyninadenio, coHopsect (but not in 
Orchis pyramidalis'^, the vessels, proceeding from the 
two antero-lateral ovarian groups, run down the sides 
of the nectary ; those from the single anterior group 
run down the exact middle of the nectary, then 
returning up the opposite side form the midrib of the 
labellum. I he sides of the nectary being thus formed cif 
two distiuet organs, apparently explains the tendency, 

Link remarks on tke nmtnit'r the column in hia‘^Bemerkungen'* 
or cohtrtiice of the labellum to in * Bot. Zeitung; 1849, p.745. 
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ns in Calauthe, OrcUs morio, &c., to tlie bifurcation of 
its extremity. 

The immbor, position, and course of all the spiral 
vessels exhibited in the diagram (fig, 36) were observed 
in some Vandea? and Epidendrem.* In the Malaxefe 



* It may be arivigablo to give a 
few details ou the flowers whieli 
I dissected : but J looked tn tspeeial 
points, eiicJi as the ermrae of the 
vessels in the labellmii^ in luatiy 
cnees not wortli here giving. In 
the Yandese I tractMl all the ves- 
eels in tridentaium and 

sa^catum ; the great group of 
vessels going to the rostellmu 
^l>arate (as likewise in irinodes) 
from the posterior ovarian group, 
ben eat Ji the bifurcation sup|>lying 
the upjHir sepal and fertile anther; 
the anterior ovarian group rung 
ft little way along tlio label] uni 
bc'fniTe it bifurcates ao(l sendg a 
grf)up («j) up the front of the 
crtluiuu ; the vegsclg proce<KliDg 
from the |K>gter(]Hliiieral group run 
up the buck of tlio column, on 
each side of those running to the 
fcililn anther, and do not go to 
the edges of the clinandruin. lu 
A(^roi>tra tuMa the ba^e of Uia 
column, where the iubi lhnn is 
attached, is mndi prfKlnced, and 
the yessfds ot the whole anterior 
Ovarian group am Bimhuxly pio- 
diu ed; those («,) going up the 
iroiit of the coJmnn are abruptly 
redfcted bock ; the vessels at the 
point of reflexion are euritmsly 
hardened, flattened, and piuilueed 
nito nd<l crests and points. In 
an Otiddiuin I traced the vessels 
K to the viscid gland of the ]x>lli- 
hnim. Among the Kpjidenrlrc® I 
traced all the vessels in a Cattleya ; 
tihd all in Evd^na carivafa except 
^3- which I did not sear<di for. In 
Malaxem I tract d idliu Liparis 
except a„ which J do not 
'relieve is presi nt In Malu^irie 
iwutiom I tmcc’d nearly all the 



vessels. In Cypripedium Ifcirhcdum 
and jmpuraium Itraced all except 
which 1 am nearly sure does 
not exist. In the Neottem 1 traced 
in CepJialanthiira grandtjlora all 
the vessels, excepting that to the 
aborted rostcllum and these to 
the two auricles a^ and a^, which 
were certainly absent. In Fpi- 
pticlis Itracfid all excepting a,, Oj, 
aud Uj, which are ceriaiuly absent. 
In Spiranihes auiuimialitf tlu‘ 
vessel Sr runs to the bottom of 
the fork of the rostellura : tJiere 
are no vessels to the membranes 
of the fliiiandioim iu this Oichid 
nor ill Goodyera, In none of tlie 
Ophrem do the vessels cig, and 
tftj occur. In OrchtA 
1 truced all the others, including 
two to the two separate stigujas : 
in this species the coiUrost lietweeii 
the vessels of the label! uni aud 
of the other sepals and jictaU is 
sti ik.ng, as in the latter the ves- 
sels do not briincli, whilst the 
labellum has three vci-sels the 
lateral ones running of course into 
the anterO' lateral ovariau group. 
In Gymnadtiiia compAta I traced 
all the vessels ; but i am not sure 
whether the vessels snpphing the 
side^ of the upper sepal do not, as 
ill the allied llahtuaria, wander 
from their proper comse aud enter 
file jrostero-latemi ovfiriau group : 
the vessel Sr, going to the rostel- 
lum, enters the little folded crest 
of mcnihmne, which pn^ftcts be- 
tw'ccu the ba^cs of the anthei*ceIlBi 
Ijiistly, in Halfcnariii chlorantM^ t 
trat'cd all the vessels, excepting 
JIB in the other Ophrea? the three 
of llie inner stam ual whorli, and f 
looked ckirefully for : tliO vessel 
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uU were observed excepting ^3, which is the most 
difficult one to trace, and apparently is oftenest absent. 
In the Cypripedeie, agidn, all were traced except a^* 
which, I feel pretty sure, was here really absent : in 
this tribe the stamen (A^) is represented by a con- 
spicuous shield-like nuliineiit, and ai and a2 are 
developed into two fertile anthers. In the Ophreie 
and Neottepe all were traced, with the important 
exception of the vessels belonging to the three stamens 
(a^, and of the inner whorl* In Cephalanthera 
grandifiora^ I clearly s^iw^ proceeding from the 
anterior ovarian group, and running up the front of 
the column. This anomalous Orchid has no rostelliim, 
and the vessel marked in the diagram was entirely 
absent, though seen in every other species* 

Although the two anthers and a^) of the inner 
whorl are not fully and normally developed in any 
Orchid, excepting Cypripedium, their rudiments are 
generally present and are often utilised ; for they often 
form the membranous sides of the cup-like clinandrum 
on the summit of the column, w-hich includes and pro- 
tects the pollen-masses. These rudiments thus aid 
their fertile brother-anther. In the young flower-bud 



supplying the fertile flutLer runs 
up the conncf'tive membrane be- 
tween the two antlier-eells, but 
(l(X!S not bifurcate : the vea.-^el to 
the ro^U'llum runs up to the top 
of the shoulder or ledge benenlh 
the coTiiu ctive membrane of t]je 
anther, but does uot biFureate and 
extend to the two wide ly-se para ti, d 
vbcid discs, 

• From Imiisch*s (‘Bcitrage 
2 ur Blelogie dur Orchideeii/ 
pp. 7S and i'i) description of the 
development of tiie flowt-r-bud of 
Cypnpedium, it would appeair that 
there ia a tendency to Uio foriua- 



tion of a free tUament in front of 
the label lum, as ia the case of 
Ghissodia before mentioned; and 
this will perhaps account for the 
absence of spiral vessels, proceed- 
ing from the anterior ovarii ui 
group and coalesoing with the 
column. In Uropedium, a geutis 
which A. Brongnifirt C Aiiual. 
dea. Sc. Nat./ 3rd series, Hot. tom. 
xiii. p. 1 14) considers closely allied 
to, and even perhaps a monstro- 
sity of, Cypripedinni, a thiid fer- 
tile anther occupies this same 
position. 
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of Malaxis paludosaf the close resemblance betv^ een the 
two membranes of the clinandruin and the fertile 
antlier, in shapi% texturej and in the height to which 
the spiral vessels extended, was most striking : it was 
impossible to doubt that in these two memb^ranea we 
had two rudimentary anthers. In Evelyna, one of the 
Epidendreae, the clinaiidrum was similarly formed, as 
were the horns of the cliiiandruni in JlasdeA^allia, w hich 
serve in addition to keep the iabellum at the proper 
distance from the column. In Liparis pe^idula and 
some other species, these two rudimentary antliers form 
not only the clinaiidrum, but likewise wings, which 
project on each side of the entrance into the stigmatie 
cavity, and serve as guides for the insertion of the 
pollen-masses. In Aeropera and Stanhopea, as far as 
I could make out, the membranous borders of the 
column, down to its base, were also thus formed ; hut 
in other cases, as in Cattleya, the wing-like borders of 
the column seem to be simple developments of the two 
pistils. In this latter genus, as w^ell as in Catasetum, 
these same tw'o rudimentary stamens, judging from the 
l>osition of the vessels, serve chiefly to strengthen 
the back of the column ; and the strengthening of the 
iront of the column is the sole funetion of the third 
stamen of the inner whorl (%), in those cases in 
wliicli it was observed. This third stamen runs ujj 
the middle of the column to the lower edge, or lip, 
of the stigmatie cavity, 

I have said that in the Ophrese and Neotteie the 
spiral vessels of the inner w'horl, marked a^, in 
the diagram, are entirely absent, and I looked care- 
fully for them ; hut in nearly all the members of these 
two tribes, two small papillfe, or auricles as they have 
been often called, stand in exactly tJie position which 
the two first of these three anthers w^ould have occupied, 
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had they been developed. Not only do they st^^ud in 
this position, bnt the column in some cases, as in 
Ceplialaiithem, has on each side a prominent ridge, 
ninnhig from them to the bases or mid-ribs of the two 
up])er petals ; that is, in the jiroper position of the 
filaments of these two stamens. It is, again, impossible 
to doubt that the two membranes of the clinandnim 
in Malaxis are formed by these two anthers in a 
rudimentary and modified condition. Now, from the 
perfect clinandrmn of 3Ialaxis, through that of Spi- 
ranthes, Goodyera, Epijxictis latifoUa^ and jxtltistris 
(see fig, 16, p. 101, and fig. 15, p. 94), to the mimite 
and slightly flattened auricles in the genus Orchis, a 
perfect gradation can be traced. Plence 1 (roiidude that 
these auricles are doubly rudimentary ; that is they 
are rudiments of the membranous sidt?s of the cl man- 
drum, these membranes themselves being rudiments of 
tlie two anthers so often referred to. The absence of 
spiral vessels miming to the auricles is by no means 
sufhcieiit to overthrow' the views here advocated as to 
the much disputed nature of these structures; that 
such vessels may quite disappear, we have proof in 
Cephalanthera ffrandijlora^ in which the rostellum and 
its vessels are comj)letely aborted. 

Finally, then, with respect to the six stamens w'hich 
ought to be represented in every Orchid: the three 
bolongiug to the outer whorl are always })resent, the 
upper one being fertile (except in Cypripedium), and 
the two lower ones invariably petaloid and forming 
])art of the labellum. The three stamens of. the inner 
w liorl are less plainly developed, especially the lower 
one, which, w^hen it can be detected, serves only to 
strengthen the column, and, in some rare cases, accord- 
ing to Brow'n, forms a separate px'ojection or filament ; 
the two upper anthers of this inner whorl are fertile 
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in C-yprip6(liuuij fiiirl in otlicr cnsGS ittg ^diGnilly 
represented either by membranous expansions, or by 
minute auricles without sjiiral vessels. These auricles, 
however, arc sometimes quite absent, as in some species 
of Ophrys. 

On this view of the Iiomologies of Orehid-Howers, 
we can understand the existence of the conspicuous 
central column,— the large size, generally tripartite 
form, and peculiar manner of attachment of tlie la- 
belluin,— the origin of the eliiiandruin,— the relative 
position of tlie single fertile anther in most of the 
genera, and of the two fertile anthers in Cypripedium. 
—the position of the rostcllum, as well as of all tin* 
other organs,— and lastly, the frequent occnrrence of a 
bilohed stigma, and the occasional occurrence of two 
distinct stigmas. I have encountered only one case of 
difficulty, namely in Habeiiaria and the allied genus, 
Bouatea. These flowers have undergone such an 
extraordinary amount of distortion, owing to the wide 
separation of their anther-cells and of the two viscid 
discs of the rostellimi, that anv anomalv in them is 
the less surprising. The anomaly relates only to the 
vessels supplying the sides of the upper sepal and 
of the two upper petals ; for the vessels rmming into 
their midribs and into ail the other more important 
organs pursue the same identical course as iu the other 
Ophrctc. The vessels which supply the sides of the 
upper sepalj instead of uniting with the midrib and 
entering the posterior ovarian group^ diverge and enter 
the postero-lateral groups* Again, the vessels on the 
anterior side of the two upper petals, instead of uniting 
with those of the rnidril* and entering the i)Ostern- 
lateral ovarian groups, diverge, or wander Irom their 
proper course, and enter the antero4ateral groups* 

This anomaly is so far of importance, as it throws 
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some doubt ou tiie view that the labelium is alwaygi 
an organ compounded of one petal and two petaloid 
stamens ; for if any one were to assume that from some 
unknown cause the lateral vessels of the lower petals 
had diverged in an early progenitor of the Orchidean 
order from their proper course into the antero-lateral 
ovarian groups, and that this structure had been in- 
herited by all existing Orchids, even by those with the 
smallest and simplest labellums, I could answer only 
as follows ; but the answer is, I think, satisfactory. 
From the analogy of other monocotyledonoiis plants, 
we might expect the hidden presence of fifteen organs 
in the flowers of the Orchideae, arranged alternately 
in five whorls ; and in these flowers we And fifteen 
groups of vessels exactly thus arranged* Hence there 
is a strong probability that the vessels, and A3, 
which enter the sides of the labelliim, not in one or 
two cases, but in all the Orchids seen by me, and which 
occupy the precise position which tliey would have 
occupied had they su])plied two normal stamens, do 
really represent modified and petaloid stamens, and 
are not lateral vessels of the labellum which have 
\M\iidered from their proper course* In Habenaria and 
Ronatea,^ on the other hand, the vessels proceeding 



* In Bomtfea of which ments of the two up])er 

I liave esamint^Ll only dry speci- cohere vvitli ttic Jiibellnm, causing; 

meris^ sent me by Dr. Hooker, the it to Imve iive atrgments, which Is 

vessels from the aidts of the upper a most unusual fnet. The two 

sepal eutL^r the poetcro-lateial wonderfully protubemnt Htiij^uma 

ovarian Kjroup, exactly as in alsrfj cohere to the upper aiirfaco of 

Ilabeiinria. The two upper jx^tals the laUdliiiri ; and the lower sepals 

are divided dow n to their bnaea^ apparently also cohere to ittiumder 

and the veaHcls suppiyint< the jside* Coneeijiiently a section of 

anterior segment ftudtlioae supply- the base of the hi helium divides 

iiig the atderior portion of the one lower petal, two ijotaloid 

posterior segment unite and then anthers, porth ms of the two upper 

lUiu as in Elabenoria], into the [letah, and appLirently of the two 

niitem- lateral ( and therefore lower aepale and the two oti.iijmfls : 

wrouKj !?roup. The anterior tjog- altogether the section pas^s 
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from the sides of the upper sepal and of the two upper 
petals, which enter the wrong ovarian groups, cannot 
possibly represent any lost but once distinct organs. 

We have now finished with the general homologies 
of tlie flowers of Orchids. Jt is interesting to look at 
one of the magnificent exotic species, or, indeed, at 
one of our humblest forms, and observe bow profoundly 
it has been modified, as compared with all ordinary 
fiowers, — with its great labelhim, formed of one petal 
and two petaloid stamens, — with its singular pollen- 
masses, hereafter to be referred to, — with its column 
formed of seven cohering organs, of which three alone 
perform their proper function, namely, one anther and 
two generally confluent stigmas, — with the third stigma 
modified into the rostellum and incapable of being 
fertilised, — and with three of the anthers no longer 
functionally active, but serving either to protect the 
pollen of the fertile anther, or to strengthen the column, 
or existing as mere rudiments, or entirely suppresseil. 
What an amount of modification, cohesion, abortion, 
and change of function do we here see ! Yet hidden 
in that column, with its surrounding petals and sepals, 
we know that there are fifteen groups of vessels, 
arranged three within three, in alternate order, which 
probably have been preserved to the present time from 
being developed at a very early period of growth, 
before the shape or existence of any part of the flower 
is of importance for the well-being of the plant. 

Can we feel satisfied by saying that each Orchid was 
created, exactly as we now see it, on a certain “ ideal 
type ; ” that the omnipotent Creator, having fixed on 
one plan for the whole Order, did not depart from this 

through the w hole of or through ih here n» comf’Ies nn oreaii os the 
l^ortions of either seven or nine eoliiiini of utlier Orehids. 

'rguiia. The base of tlie lalielliim 
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\yhin ; that he, therefore, made the same organ to per- 
form diverse functions— often of trifling importance 
compared with their proper function — converted other 
organs into mere purposeless rudiments, and arranged 
all as if they had to stand separate, and then made 
them cohere? Is it not a more simple and intelligible 
view that all the Orchkleoo owe what they have in 
coniiiion, to descent from some monocotyledonous 
phiiit, ^H'hich, like so many other plants of the same 
(dass, possessed fifteen organs, arranged alternately 
tliree within three in five whorls ; and that the now 
wonderfully changed structure of the flower is due to 
a long course of slow^ modification, — each modification 
having been preserved which w'as useful to the plant, 
during the incessant changes to which the organic 
and inorganic world has been exposed ? 
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CHAPTER IX. 

GRADATION OF ORGANS, &C. — CONCLUDING REMARKS. 

Gradation of organs, of the roetelliun, of the p*')llen-masaeB— Formation 
of the caudicle—Genoji logical affinilies— Secret ion of nectar— 
Meehaniam of the raovtment of the pollmia— Uses of the petaJa— 

Pro<luction of aced IrDporturice of trifling details of structure 

Cause of the great diversity of structure in the flowers of Orchids 
— Cause of the perfectiou of the contrivances — Summary ou insect- 
agency— Nature abhors perpetual self*fertilisation. 

This chapter will be devoted to the consideration of 
several miscellaneous subjects w'bich could not well 
have been introduced elsewhere. 

On the gradation of certam Organs . — The rostelliiiu, 
the pollinia, the label lum, and, in a lesser degree, 
the column, are the n^ost remarkable points in tbe 
structure of Orchids. The formation of the column 
and labellum, by the confluence and partial abortion of 
several organs, has been discussed in the lust chapter. 
A\ ith respect to the rostelhim, no such organ exists 
in any other group of plants. If the homologies of 
Orchids had not been pretty well made out, those 
who believe in the separate creation of each organism 
might have advanced this as an excellent instance of 
ft perfectly new organ having been specially created, 
and which could not have been developed by suc- 
cessive slow modifications of any pre-existing pint* 
But, as Robert Brown long ago remarked, it is nut a 
new organ. It is impossible to look at the two groups 
uf spiral vessels (fig. 36) running from the bases ot 
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the midribs of tbc two lower sepals to the two lower 
stigmas, which are sometimes quite distinct, and then 
to look at the third group of vessels running from the 
base of the mid-rib of the upper sepal to the rostellum, 
which occupies the exact position of a third stigma, 
and doubt its homological nature. There is every 
]-eason to believe that the whole of this upper stigma, 
and not merely a part, has been converted into the 
rostellum ; for there are plenty of cases of two stigmas, 
hut not one of three stigmatic surfaces being present 
in those Orchids which have a rostellum. On the 
other hand, in Cypripedium and Apostasia (the latter 
ranked by Brown in the Orchidean order), which are 
destitute of a rostellum, the stigmatic surface is triflcl. 

As we know only those plants which are now living, 
it is impossible to follow all the gradations by wbicli 
the upper stigma has been converted into the rostellum ; 
hut let us see what are the indications of such a change 
having been effected. With respect to function the 
change has not been so great as it at first appears. 
The function of the rostellum is to secrete viscid matter, 
and it has lost the capacity of being penetrated by 
the pollen-tubes. The stigmas of Orchids, as well as 
of most other plants, secrete viscid matter, the use of 
which is to retain the pollen when brought to them by 
any means, and to excite the growth of the pollen- 
tubes. Now if we look to one of the simplest rostel- 
liims, — for instance, to tliat of Cattleya or Bpidendrum, 
— we find a thick layer of viscid matter, not distinctly 
separated from the viscid surface of the two confluent 
stigmas : its use is simply to affix the pollen-masses to 
a retreating insect, which are thus dragged out of the 
anther and transported to another flower, where they 
are retained by the almost equally viscid stigmatic 
surface. So that the office of the rostellum is still to 
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secure the pollen-masses, but indirectly by means of 
their attachment to an insect's body. 

The viscid matter of the rostellum and of the 
stigma appear to have nearly the same nature ; that 
of the rostellum generally has the peculiar property of 
quickly drying or setting hard ; that of the ‘ stigma, 
when removed from the plant, apparently dries more 
quickly thaii gum-water of about equal density or 
tenacity. This tendency to dry is the more remarkable, 
as Gartner * found that drops of the stigniatic secre- 
tion from Nicotiana did not dry in two months. The 
viscid matter of the rostellum in many Orchids when 
exposed to the air changes colour with remarkable 
quickness, and becomes brownish-purple ; and I have 
noticed a similar but slower change of colour in the 
viscid secretion of the stigmas of some Orchids, as of 
CepJialanthera ffvandijlora, MTien the viscid disc of an 
Orchis, as Bauer and Brown have observed, is placed 
in w^ater, minute particles are expelled with violence 
in a peculiar maimer ; and I have observed exactly 
the same fact in the layer of viscid matter covering 
the stigniatic utriculi in an unopened flower of Mar- 
modes igr\sa. 

In order to compare the minute structure of the 
rostellum and stigma, I examined young flower-buds 
of ^pidendrum coehleatum jlorihuiidum^ w'hich, when 
mature, have a simple rostellum. The posterior parts 
of both organs were quite similar. The whole of 
the rostellum at this early age consisted of a mass 
of nearly orbicular cells, containing spheres of broivii 
matter, which resolve themselves into the viscid fluid. 
The stigma was covered with a thinner layer of similar 
cells, and beneath them were the coherent sptndle- 
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formed utrieiili* These are believed to be connected 
with the penetration of the pollen-tubes ; and their 
absence in the rostelliim probably accounts for its 
not being penetrated. If the structure of the ros- 
telhnn and of the stigma is as here described^ their 
only difference consists in the layer of cells which 
secrete the viscid matter being thicker in the ros- 
tellnm than in the stigma, and in the utriculi having 
disaj>peared from the former. There is therefore no 
great difficulty in believing that the upper stigma, 
whilst still in some degree fertile or capable of pene- 
tration by the pollen-tubes, might have gradually 
acquired the power of secreting a larger amount of 
viscid matter, losing at the same time its capacity for 
fertilisation ; and that insects smeared with this viscid 
matter removed and transported the pollen-masses in 
a more and more effective manner to the stigmas of 
other flowers. In this ease an incipient rostcdliim 
would have been formed. 

In the several tribes, the rosteilum presents a 
marvellous amount of diversity of structure ; but most 
of the differences can be connected without very wide 
breaks. One of the most striking differences is, that 
either the whole anterior surface to some depth, or 
only the internal parts become viscid; and in this 
latter ca^e the surface retains, as in Orchis, a mem- 
branous condition, liut these tw'O states graduate 
into each other so closely, that it is scarcely possible 
to draw any line of separation between them : thus, 
in Epipactis, the exterior surface undergoes a vast 
change from its early cellular condition, for it becomes 
converted into a highly elastic and tender membrane, 
which is in itself slightly viscid, and allows the under- 
lying viscid matter readily to exude ; yet it acts as a 
membrane, and its under surface is lined with mucli 
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more viscid matter. In Hahmaria cMoraniha tlio 
exterior surface is highly viscid, but still closely re- 
sembles, under the microscope, the exterior membrane 
of Epipactis, Lastly, in some species of Oncidiuiu, 
Ac., the exterior surface, which is viscid, differs, as far 
as appearance under the microscope goes, from the 
underlying viscid layer only in colour; but it must 
have some essential difference, for I find that, until 
this very thin exterior layer is disturbed, the under* 
lying matter remains viscid; but, after it has been 
disturbed, the underlying matter rapidly sets hard. 
The gradation in the state of the surface of the ros- 
tellum is not surprising, for in all cases the surface is 
cellular in the bud; so that an early condition has 
only to be retained more or less perfectly. 

The nature of the viscid matter differs remarkably 
ill different Orchids : in Listera it sets hard almost 
instantly, more quickly than plaster of Paris ; in 
Malaxis and AngroBciim it remains fluid for several 
days ; but these two states pass into each otlier by 
many gradations. In an Oncidiiim I have observed 
the viscid matter to dry in a minute and a half; in 
some species of Orchis in two or three minutes; in 
Epipactis in ten minutes; in Gymnadenia in two 
hours ; and in Ilabenaria in over twenty- four hours. 
After the viscid matter of Listera has set hard, neither 
water nor weak spirits of wine has any effect on it ; 
whereas that of Habenaria hifoUa, after having been 
dried for several months, when moistened becanie as 
adhesive as ever it was. The viscid matter in some 
species of Orchis, when remoistened, presented an 
intermediate condition. 

One of the most important differences in the state 
of the rostellum is, wliether or not the pollinia aie 
jtennaiientlv attached to it. I do not allude to those 
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cases in which the upper surface of the rostelluin is 
viscid, as in Malaxis and some Epidendrums, and 
simply adheres to the pollen-masses; for these cases 
present no difficulty* But I refer to the so-called con- 
genital attachment of the pollinia by their caudicles 
to the rostellum or viscid disc. It is not^ however, 
strictly correct to speak of congenital attachment, for 
the pollinia are invariably free at an early period, and 
become attached either earlier or later in different 
Orchids. No actual gradation is at present known in 
the process of attachment ; but it can be shown to 
depend on very simple conditions and changes* In 
the Epidendrem the pollinia consist of a ball of waxy 
pollen, with a long oaiidicle (formed of elastic tlireada 
with adherent pollen-grains), which never becomes 
spontaneously attached to the rostellum. In some of 
the Vandeae, as in Cr/mbidium giganteum, on the other 
hand, the caudicles are congenitally (in the above 
sense) attached to the pollen-masses, but their struc- 
ture is the same as in the Epidendreae, with the sole 
difference, that the extremities of the elastic threads 
adhere to, instead of merely lying on, the upper lip of 
the rostellum. 

In a form allied to Cymbidium, namely, Oneidimi 
unguiculatwHy I studied the development of the eau- 
dicles. At an early period the pollen-masses are 
enclosed in membranous cases, which soon rupture at 
one point* At this early period, a layer of rather 
large cells, including remarkably opaque matter, may 
be detected within the cleft of each pollen-mass. This 
matter can be traced as it gradually changes into a 
translucent substance which forms the threads of the 
caudicles. As the change progresses, the cells them- 
selves disappear. Finally the threads at one end ad- 
here to the waxy pollen-masses, and at the other end 
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aiter protruding tlirongJi a small opening in the mem- 
branous case in a semi-developed state, they adhere 
to the rostellum, against which the anther is pressed. 
So that the adhesion of the caudicle to the back of the 
lostelliinL seems to depend solely on the early rupturinf^ 
ol the anther-case, and on a slight protrusion of the 

caudicles, before they have become fully developed and 
lumlened. 

In all the Orcliideie a portion of the rostellum is 
removed by insects when the pollinia are removed ; for 
the viscid matter, though conveniently spoken of as a 
secretion, is in fact part of the rostellum in a modified 
cumlition. But in those species which have their 
caudicics attached at an early period to the rostellum, 
a uiembranoiis or solid portion of its exterior surface in 
an unmodified condition is likewise removed. In the 
\ andem this portion is sometimes of considerable size 
(lonnirtg the disc and pedicel of the pollinium), and 
gives to their ]Jolliuia their remarkable character; but 
tlie differences in the shape and size of the removed 
portions of the rostellum can be finely graduated to 
gether, even within the single tribe of the Vandete ; 
and still more closely by commencing with the minute 
oval atom of membrane to w'hich the caudicle of Orchis 
adheres, passing thence to tJiat of Jlahenaria hifoliay to 
that ol H. chlorantha with its drum-like pedicel, and 
thence through many forms to the great disc and 
pedicel of Catasetuni. 

Ill all the cases in w'hich a portion of the exterior 
surface of the rostellum is removed together with the 
caudicles of the pollen-masses, definite and often com- 
plicated lines of separation are fonned, so as Uy allow' 
of the easy separation of the removed portions. But 
the formation of these lines of separation does not 
diftcr much from the process by w hich certain portions 
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of the exterior surface of the rostelluni assume a con- 
•Utioii intermediate between that of unaltered mem* 
hi'fiiie and oi' viscid matter, wliich has been already 
alluded to. The actual separation of portions of the 
rustellnin depends in many cases on the excitement 
from a touch ; but how a touch thus acts is at present 
inexplicable. Such sensitiveness in the stigma to a 
touch (and the rostelluni, as we know, is a modified 
stigma), and indeed in almost every other part, is by 
no means a rare quality in plants. 

In Listera and Neottea, if tlie rostellum is touched, 
even by a hmiiun liair, two points rupture and the 
loculi containing the viscid matter instantly expel it. 
Here we have a case towards wdiich as yet no gradation 
is known. But Dr. Hooker has shown that the ros- 
tellum is at first cellular, and that the viscid matter 
is developed within the cells, as in other Orchids. 

The last difierence which I will mention in the 
state of the rostellum of various Orchids is the exist- 
ence in many Ophreac of two widely-separated viscid 
discs, sometimes included in two separate pouches. 
Here it appears at first sight as if three were two 
rostella ; but there is never more than one medial 
group of spiral vessels. In the Vandem we can see 
how a single viscid disc and a single pedicel might 
become divided into two ; for in some Stanhopeas the 
heart-shaped disc shows a trace of a tendency to divi- 
sion ; and in Angrmeum we have two distinct discs 
and two pedicels, either standing close together or 
removed only a little way apart. 

It might be thought that a similar gradation from a 
single rostellum into what appears like two distinct ros- 
tella was shown still more plainly in the Ophrcaj ; for 
ue have the following series, — in Orchis pijraMidalis a 
single disc enclosed in a single pouch^in Aecras two 
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Oisc-s toRchiRg a,Kl affecting each other’s shape.., but 

not actually jomerl-m Orchis latifolia and macuhta 

two ciuito distinct discs but witii the pouch still 

.showmg plain traces, of division; and, lastly, in 

( pinys we have two perfectly distinct pouched, iu- 

c iiding of course two perfectly distinct discs. Hut 

this series does not indicate the former steps by which 

a single rostellmn became divided into two distinct 

organ,.; on the contrary, it shows how the rostol- 

lum, after having been anciently divided into two 

organs, has now in several cases been reunited into 
a single organ. 

Ill IS conclusion is founded on the nature of the little 
•nedial crest, sometimes called the rostellate process, 
tetween the bases of the two anther-cells (see fi-r. 1 
B ami ]), p. S). In both divisions of the Oiihrem— 
namely the species having naked discs and those 
having discs enclosed in a pouch— whenever tiie twu 
• iscs come into close juxta-position, this medial crest 
or process apjiears.* On the otiier hand, when the two 
discs stand widely apart, the summit of the rostelliim 
between them is smooth, or nearly smootli. In the 
rog Oichis (Perist^lus viridis) the overarching sinii- 
niit is bent like the roof of a house ; and here we see 
the fiwt stage in the formation of the foldi.l crest. In 
Ili'rmtntum monorchis, however, which has two sejiarate 
and large discs, a crest, or solid ridge, is rather more 
plainly developed than might have been exiiected. 
In Gi/mnadenia conopsea, Orchis maevJata, and others, 
t 6 ciest consists of a liood of thin mciiibj’aiie ; in 
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0, mascida the two sides of the hood partly adhere ; 
and ill 0. pyramidahs and in Aceras it is converted 
into a solid ridge* These facts are intelligible only 
on the view, that, whilst the two discs were gradually 
brought together^ during a long series of generations, 
the intermediate portion or summit of the rostellum 
became more and more arched, until a folded crest, 
aud finally a solid ridge was formed. 



Fig, 37. 



RoSTELLUil OP CaTASETUM* 



an. nntemicc of rostellum, 
d. viscid disc* 



pcd. pedicel of rostellum, to which 
the polleD-moisses are attached. 



Whether we compare together the state of the ros- 
tellnm in the various tribes of the Orchidese, or com- 
pare the rostellum with the pistil and stigma of an 
ordinary flower, the differences are wonderfully great, 
A simple pistil consists of a cylinder surmounted by 
a small viscid surface. Kow, see what a contrast the 
rostellum of Catasetum, when dissected from all the 
otlier elements of the column, presents j and as I 
traced all the vessels in this Orchid, the drawing may 
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has lost its normal function of being fertilised. Its 
shape is most singular, with the upper end thickened, 
bent over and produced into two long tapering and 
sensitive antennse, each of these being hollow within, 
like an adder's fang. Behind and betw^een the bases 
of these antennae we see the large viscid disc, attached 
to the pedicel ; the latter diflers in structure from the 
underlying portion of the rostellum, and is separated 
from it by a layer of hyaline tissue, which spontaneously 
dissolves when the flower is mature. The disc, attached 
to the surrounding parts by a membrane which ruptures 
as soon as it is excited by a touch, consists of strong 
upper tissue, with an underlying elastic cushion, 
coated wdth viscid matter; and this again in most 
Orchids is overlaid by a film of a different nature. 
\VTiat an amount of specialisation of parts do we 
here behold ! Yet in the comparatively few Orchids 
described in this volume, so many and such plainly- 
marked gradations in the structure of the rostellum 
have been described, and such plain facilities for the 
conversion of the upper pistil into this organ, that, w'e 
may well believe, if we could see every Orchid wiiich 
has ever existed throughout the w^orld, we should find 
all the gaps in the existing chain, and every gap in 
m many lost chains, filled by a series of easy 
transitions. 

^\'e now come to the second great peculiarity in the 
Orchidem, namely their pollinia. The anther opens 
^arly, and often deposits the naked masses of pollen on 
the back of the rostellum* This action is prefigured 
in Ganna, a member of a family nearly related to the 
Orchidem, in which the pollen is deposited on the pistil, 
close beneath the stigma. In the state of the pollen 
there is great diversity : in Cypripedium and \anilla 
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single grains are embedded in a glutinous fluid ; in 
all the other Orchids seen by me (except the degraded 
Ceplialanthera) the grains are united three or four 
together/ These compound grains are tied one to 
the other by elastic threads, but they often form 
packets which are tied together in like manner, or 
they are cemented into the so-called waxy masses. 
The waxy masses graduate iu the Epidendrete and 
Vandeoe from eight to four, to two, and, by the co- 
hesion of the two, into a single mass- In some of the 
Epidendroao we have both kinds of pollen within the 
same anther, namely, large wuxy masses, and caudicles 
formed of elastic threads with numerous compound 
grains adhering to them, 

I can throw no light on the nature of the cohesion 
of the pollen in the mixj nmsses ; when they' are 
placed in water for three or four days, the compound 
grains readily fall apart ; but the four grains of which 
each is formed still firmly cohere ; so that the nature 
of the cohesion in the two cases must be diflereiit. 
1'he elastic threads by wEich the packets of pollen are 

* In several cases I have ob- tubes are, at least at first, fonned 
Bcrvetl four tubes emitted from exclusively at the expense of the 
the four giaing which form one of contents of tlie pollen -grains* 
the oompoimd grains. In some Having alluded to the monstrous 

S^mi-monstroua flowers of Malaxis flowers of the Aceras, 1 will acid 
2 ,aludo 8 af and of Acera^ mithropo- that I examineHl several (always 
phora^ and in j^rfect flowers of the lowest on the epihej in which 
A eotiia nidiis-avifit I have observed the labellum was hardly developed, 
tubes emitted from the pollen- and w'as pressed close agtiinst the 
grains, whilst still within the stigma. The rostellum was not 
anther and not hi contact with developed, so that the iiolUiiLv did 
tlie stigma. 1 liave thought this not possess viscid discs ; but the 
xvoith mentioning as R, Brown most curious feature was, that the 

hinu. Transact/ vol. xvi. p* 729) two anther-cells had become, appa- 
etatea, appiireutly with some sur* rently in consequence of the posi- 
prise, that the pollen-tubes Wrre tton of the rudimentary labellunu 
emitted from the pollen, whilst widely aeparated, and wu'e join eti 
still within Uie author, in a deca> - by a connective membrane, u hm'st 
iiig flower ol Aaclopias, TiieBo an broad us that of Habt^nai'ia 
cases show that the protruding chloranthtt / 
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tied together in the Ophrese, and which run far up 
inside the waxy masses of the Vandese, are also of a 
different nature from the cementing matter ; for the 
threads are acted on by chloroform and by long im- 
mersion in spirits of wine ; whilst these fluids have no 
particular action on the cohesion of the waxy masses. 
In several Epidendreae and Vandese the exterior grains 
of the pollen-masses differ from the interior gmins, in 
being larger, and in having yellower and much thicker 
walls. So that in the contents of a single anther-cell 
we see a surprising degree of differentiation in the 
pollen, namely, grains cohering by fours, then being 
either tied together by threads or cemented together 
into solid masses, with the exterior grains different 
from the interior ones. 

In the Vande®, the caudicle, which is composed of 
fine coherent threads, is developed from the semi-fluid 
contents of a layer of cells. As I find that chloroform 
has a peculiar and energetic action on the caudicles 
of all Orchids, and likewise on the glutinous matter 
which envelopes the pollen-grains in CypripeJium, 
and which can be draw'n out into threads, we may 
suspect that in this latter genus,— the least differenti- 
ated in structure of all the Orchideae, — -we see the 
primordial condition of the elastic threads by which 
the pollen-grains are tied together in other and more 
highly developed species,* 



* Auguste de Saint liilalre 
(^Leijona de Botanique/ 1811, 
]). 447) eaya that the elastic threads 
exist in the early bud. after the 
Iwllen-giaiDfl have been partly 
tornied, a« a thick creamy fluid. 
He adds that his obaervationB on 
dpi f era have shown iiini 
thflt this fluid is secreted by the 
tU'ttrUiim. and is ulowly forced 



drop by drop into th6 anther. 
Hail not so omineut au authority 
made tliis statement, 1 should not 
have noticed it. It i^ ceihiinly 
erroneous. In buds of Epipacti^ 
laUfoUa I opeuetl the anther, 
whilst perfectly closetl and free 
from the rostellum, and found the 
ptdlen -grains united by clubtic 
thrcatls. CepJialanthcra ^rtindi- 
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Tho cauclicle, when largely deTeloped and destitute 
of pollen-grains, is the most striking of the many pecu- 
liarities presented by the pollinia. In some Neotteee, 
especially in Goodyera, we see it in a nascent con- 
dition, projecting just beyond the pollen-mass, with 
the threads only partially coherent. In the Yandeae 
by tracing the gradation from the ordinary naked 
condition of the caudicle, through Lycastc in which 
it is almost naked, through Calanthe, to CyviUSium, 
giganteum, in which it is covered with pollen-grains, it 
seems probable that its ordinary condition has been 
arrived at by the modification of a pollinium like 
that of one of the Epidendrese ; namely, by the abor- 
tion of the pollen-grains which primordially adhered to 
separate elastic threads, and afterwards by the cohesion 
of these threads. 

In the Ophreas we have better evidence than is 
afforded by gradation, that their long, rigid and 
naked caudicles have been developed, at least partially, 
bv the abortion of the greater number of the lower 
pollen-grains and by the cohesion of the elastic threads 
by which these grains were tied together. I had often 
observed a cloudy appearance in the middle of the 
translucent caudicles in certain species ; and on care- 
fully opening several caudicles of Orchis 'pyraniidalis, 
I found in their centres, fully half-way doivn between 
the packets of pollen and the viscid disc, many pollen- 
grains (consisting, as usual, of four united grains) 

f ora hna no rostellum to accrete and stigma ; yet I found in one 
the above thick iiuidj yet the of the ae an doles a clistinct caudicle 
pollen -graina afo thus united* In ('’which necessarily had no disc at 
a monstrous specimen of Orclm its extremity), and tti!s caudicle 
pyramid^lh the anridea^ or nidi- could not possibly have been 
mentary anthers on each side of atoretad by the rostellnm or 
the proper anther, bad become stigma. 1 could advance tiddi- 
partly developed, and they stood tional evidence, but it would bo 
quite on one aide of the roetelluni super flnoua. 
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lying quite loose. These grains, from their embedded 
position, could never by any possibility have been left 
on the stigma of a flower, and were absolutely useless* 
Those who can i>ersuade themselves that purposeless 
organs have been specially created, will think little of 
this fact. Those on the contrary, who believe in the 
slow modification of organic beings, will feel no 
snrprise that the changes have not always been per- 
fectly effected, — that, during and after the many 
inherited stages of the abortion of the lower pollen- 
grains and of the cohesion of the elastic threads, 
tliere should still exist a tendency to the production 
of a few grains where they were originally developed ; 
and that these should consequently be left entangled 
within the now united threads of the candicle. They 
will look at the little clouds formed by the loose 
pollen-grains ’Within the caudicles of Orchis fyramidalis^ 
as good evidence that an early progenitor of this plant 
had pollen-masses like those of Epipactis or Goodyera, 
and that the grains slowly disappeared from the lower 
parts, leaving the elastic threads naked and ready to 
cohere into a true candicle. 

As the caudicle plays an important part in the 
fertilisation of the flower, it might have been deve- 
loped from one in a nascent condition, such as we see 
in Epipactis, to any required length merely by the 
continued preservation of varying increments in its 
length, each beneficial in relation to other changes in 
the structure of the flower, and without any abortion 
of the low'er pollen-grains. But w'e may conclude 
from the facts just given, that this has not been the 
sole means, ^ — that the caudicle ow^es much of its length 
to such abortion. That in some cases it has suhse- 
(juently been largely increased in length by natural 
selection, is highly probable ; for in Bonatea s]^€wsa 
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the candicle is actually more than thrice as long as the 
elongated pollen -masses ; and it is highly improbable 
that so lengthy a mass of grains, slightly cohering 
together by the aid of elastic threads, should ever have 
existed, as an insect could not have safely transported 
and applied a mass of this shape and size to the 



stigma of another flower. 



We have hitherto considered gradations in the state 
of the same organ. To any one with more knowledge 
than I possess, it would bo an interesting subject to 
trace the gradations between the several species and 
groups of species in this great and closely-connected 
order. But to make a perfect gradation, all the extinct 
forms which have ever existed, along many lines of 
descent converging to the common progenitor of the 
group, would have to be called back into life. It is 
due to their absence, and to the consequent wide gaps 
in the series, that we are enabled to divide the exist- 
ing species into definable groups, such as genera, 
families, and tribes* If there had been no extinction, 
there would still have been great lines or branches of 
special development,— the Vandese, for instance, would 
still have been distinguishable as a great body, from 
the great body of the Ophrem ; but ancient and inter- 
mediate forms, very different probably from their 
present descendants, would have rendered it utterly 
impossible to separate by distinct characters the one 
great body from the other. 

I will venture on only a few more remarks, Cypri- 
pediiim, in having three stigmas developed, and there- 
fore in not possessing a rosteIIum,in having two fertile 
anthers wdth a large rudiment of a third, and in the 
state of its pollen, seems a remnant of the order w^hilst 
in a simpler or more generalised condition, Apostasia 
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is a related gemis, placed by Brown amongst the 
Orchiclem, but by Lindley in a small distinct family. 
I’liese broken groups do not indicate to us the structure 
of the common parent-form of all the Orchidese, but 
tliey serve to show the probable state of the order in 
ancient times, when none of the forms had become so 
widely differentiated from one another and from other 
plants, as are the existing Orchids, especially the 
Vandeac and Ophrem ; and when, consequently, the 
order made a nearer approach in all its characters, 
than it does at present, to such allied groups as the 
Marantaccsie. 

With respect to other Orchids, we can see that an 
ancient form, like one of the sub-tribe of the Plemo- 
thallidse, some of which have W'axy pollen-masses with 
a minute eaiidicle, might have given rise, by the entire 
abortion of the caudicle, to the Bendrobifc, and by an 
increase of the caudicle to the Epidendrem. Cymbi- 
dium shows us how simply a form like one of our 
present Epidendrece could be modified into one of tlie 
Vandem. The Ncottese stand in nearly a similar relation 
to the higher Ophreae, which the Epidendrem do to the 
higher Yandeae. In certain genera of the Neotteso we 
have compound pollen-grains cemented into packets 
and tied together by elastic threads, which project and 
thus form a nascent caudicle. But this caudicle does 
not protude from the lower end of the pollininm as in 
the Ophrcm, nor does it always protrude from the ex- 
treme upper end in the Neotteae, but sometimes at an 
intermediate level ; so tliat a transition in this respect 
is far from impossible. In Spiranthes, the hack of the 
rostellum, lined with viscid matter, is alone removed ; 
the front part is membranous, and ruptures like the 
pouch-formed rostellum of the Opbrese. An ancient 
form combining most of the characters, but in a less 
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developed state, of Goodyera, Epipactis, and Spirantheg, 
all members of the Neottefe, could by further slight 
modifications have given birth to the tribe of the 
Ophreae, 

Hardly any question in Natural History is more 
vague and difficult to answer than what forms ought 
to be considered as the highest in a large group ; * for 
all are well adapted to their conditions of life. If we 
look to successive modifications, with differentiation of 
parts and consequent complexity of structure, as the 
standard of comparison, the Oplu'eie and Vande® will 
stand the highest among the Orchideoe. Are we to lay 
much stress on the size and beauty of the flower, and 
on the size of the whole plant ? if so, the Vande® are 
pre-eminent. They have, also, rather more complex 
pollinia, with the pollen-masses often reduced to two. 
The rostellum, on the other hand, has apparently been 
more modified from its primordial stigmatie nature in 
tho Ophreo8, than in th© \ andoDS* In tho OphrcaB th.6 
stamens of the inner whorl are almost entirely sup- 
pressed,— the auricles— mere rudiments of rudiments — 
being alone retained i and even these are sometimes 
lost, ihese stamens, therefore, have suffered extreme 
reduction , but can this be considered as a sign of 
highness ? I should doubt whether any member of 
the Orchid ean order has been more profoundly modified 
in its whole structure than Sonaieci speciosct., one of the 
Ophreee, So again, within this same tribe, nothing 
can be more perfect than the contrivances in Orchis 
pyramidalis for its fertilisation. Yet an ill -defined 
feeling tells me to rank the magnificent Vandete as 
the highest. When we look within this tribe at the 



* The fullest and the most able 
discutsaion on this diflicHlt aubjtict 
U by Piofeaaer H, Q. Uronn in 



hie * Entwickclunga^Qegetze der 
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elaborate mechanism for the ejection and transportal 
of the pollinia of Catasetum, with the sensitive ros- 
tellum so wonderfully modified, with the sexes borne 
on distinct plants, we may perhaps give the palm of 
victory to this genus, 

SECRETION OP NECTAR. 

Hlany Orchids, both our native species and the 
exotic kinds cultivated in our hothouses, secrete a 
copious supply of nectar. I have found the hom-like 
nectaries of Acrides filled with fluid ; and ilr. Bodgers, 
of Sevenoaks, informs me that he has taken crystals 
of sugar of considerable size from the nectary of A. 
eormifum. The nectar-secreting organs of the Orchidem 
present great diversities of structure and position in 
tlie various genera ; but are almost always situated 
towards the base of the labellum. In Bisa, however, 
the posterior sepal alone, and in Disperis the two 
lateral sepals together with the labellum, secrete 
nectar. In Dendrdbium ehrysanthum the nectary 
consists of a shallow saucer \ in Evelyna, of two large 
united cellular balls; and in BolbophyUu?n cupreum, of 
a medial furrow. In Cattleya tbo nectary penetrates 
the ovarium. In Angraiaum sesquipeddle it attains the 
astonishing length of above eleven inches ; but I need 
not enter on further details. The fact, however, 
should be recalled, that in Coryanthes the nectar- 
secreting glands pour forth an abundance of almost 
pore water, which drips into a bucket formed by tJie 
distal part of the labellum ; and this secretion serves 
to prevent the bees which come to gnaw the surface of 
the labellum from flying away, and thus compels them 
to crawl out through the proper passage. 

Although the secretion of uectar is of the highest 
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importaiice to Orchids by attracting in&eetB, which are 
indispensable for the fertilisation of most of the species, 
yet good reasons can be assigned for the belief"* that 
nectar was aboriginally an excretion for the sake of 
getting rid of superfluous matter during the chemical 
changes which go on in the tissues of plants^ especially 
whilst the sim shines. The bractene of some Orchids 
have been oliserved f to secrete nectar^ and this cannot 
lie of any use to them for their fertilisation* Fritz 
iMiiller informs me that he has seen such secretion 
from the bracteae of an Oncidiiim in its native Bra- 
zilian home, as well as from the Ijractete and from the 
outside of the upper sepal of a Notylia* Mr, Bodgers 
has observed a similar and copious secretion from the 
base of the flower-peduncles of Vanilla, The column 
of Acropera and Gongora likewise secretes nectar, as 
previously stated, hut only after the flowers have been 
impregnated, and when such secretion could be of no 
use by attracting insects* It is in perfect accordance 
with the scheme of nature, as worked out bv natural 
selection, that matter excreted to free tlie system from 
superfluous or injurious substances shonbl be utilised 
for highly useful purposes. To give an example in 
strong contrast with our present subject, the lar\'<e of 
certain beetles (Cassidae, &c.) use their own excrement 
to make an umbrella-like protection for their tender 
bodies. 

It may be remembered that evidence was given in 
the first chapter proving that nectar is never found 
■within the spur-like nectaries of several species of 
Orchis, but that various kinds of insects penetrate 



* TJija Hiilywt hns lacon fully 1876, p. 402. 

discussed iu my wnrk * On tho f Ktirr, ' Ueber die Bedeutung 
Kffects of Cmas and St-lf-fcrtilisti- der Nektiitieii,’ 1633, p. 2S. 
tlon in the Vegetable Kingdom/ 
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tlie tender inner coat with their proboscides, and snck 
the fluid contained in the inter-cellular spaces. Xhis 
conclusion has been confirmed by Hermann Muller, 
and I have further shown that even Lepidoptera are 
able to penetrate other and tougher tissues. It is an 
interesting case of co-adaptation that in all the British 
species, in which tlie nectary does not contain free 
nectar, the viscid matter of the disc of the pollininm 
requires a minute or two in order to set hard j and 
it Tvonid be an advantage to the plant if insects were 
delayed thus long in obtaining the nectar by having 

several points. On the 
other hand, in all the Ophrese which have nectar ready 
stored within the nectary, the discs are sufficiently 
viscid for the attachment of the pollinia to insects, 
without the matter quickly setting hard; and there 
would therefore be no advantage to these plants in 

insects being delayed for a few minutes whilst sucking 
the flowers. 

In the ease of cultivated e^Eotic Orchids w^hich have 
a nectary, without any free nectar, it is of course 
impossible to feel absolutely sure that it would not 
contain any under more natural conditions. Nor have 
I made many comparative observations on the rate of 
the setting hard of the viscid matter of the disc in 
exotic forms. Nevertheless it seems that some Yandcfe 
are in the same predicament as our British species of 
Orchis ; thus Calmiihe mamiea has a very Ion" nectary, 
which in all the specimens examined by me wns quite 
dry internally, and was inhabited by pow'dery Cocci ; 
hut in the intercellular spaces between the two coats 
there was much fluid; and in this species the yiseid 
matter of tlie disc, after its surface had been disturbed, 
entirely lost its adhesiveness in two minutes. In an 

V 

Oncidium tlie disc, similarly disturbed, became dry in 
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one minute and a half ; in an Odontoglossum in two 
minutes; and in neither of these Orchids was there 
any free nectar. On the other hand, in Anffrsecum 
sesquipedale, which has free nectar stored within the 
lower end of the nectary, the disc of the pollinium, 
when removed from the plant and with its surface 
disturbed, was strongly adhesive after forty-eight 
hours* 

Sareanihus teritifolms offers a more curious ease. 
The disc quite lost its viscidity and set hard in less 
than three minutes. Hence it might have been ex- 
pected that no fluid would have been found in the 
nectary, but only in the intercellular spaces ; never- 
theless there was fluid in both places, so that hero we 
have both conditions combined in the same flower. It 
is probable that insects would sometimes rapidly suck 
the free nectar and neglect that between the two 
coats; but even in this case I strongly suspect that 
they would be delayed by a totally different means 
in sucking the free nectar, so as to allow the viscid 
matter to set hard. In this plant, the labellum with 
its nectary is an extraordinary organ. I wished to 
have had a drawing made of its structure ; but found 
that it was as hopeless as to give a drawing of the 
wurds of a complicated lock* Even the skilful Bauer, 
with numerous figures and sections on a large scale, 
hardly makes the structure intelligible. So com- 
plicated is the passage, that I failed in repeated 
attempts to pass a bristle from the outside of the 
flo\ver into the nectary ; or in a reversed direction 
from the cut-off end of the nectary to the outside. No 
doubt an insect with a voluntarily flexible proboscis 
could pass it through the passages, and thus reach 
the nectar ; but in effecting this, some delay would 
be caused ; and time w^ould be thus allowed for the 
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curious square viscid disc to become securely cemented 
to an insect's head or body. 

As in Epipaetis the cup at the base of the labellum 
serves as a nectar-receptacle, I expected to find that 
the analogous cups in Stanhopea, Acropera, would 
serve for the same purpose; but I could never find 
a drop of nectar in them. According^ also, to 
Meniere and Mr< Scott * this is never the case in these 
genera, or in Gongora, Cirrhaea, and many others. In 
Catasetum iridentatumy and in the female form Mona- 
chanthus, we see that the upturned cup cannot 
possibly serve as a nectar-receptacle. What then 
attracts i sects to these flowers ? That they must be 
attracte is certain ; more especially in the case of Cata- 
setum, in which the sexes stand on separate plants. In 
many genera of Vandem there is no trace of any nectar- 
secreting organ or receptacle ; but in all these eases 
(as far as I have seen), the labellum is either thick and 
fleshy, or is furnished with extraordinary excrescences, 
as in the genera Oncidium and Odontoglossum. In 
Phalsenojysis ff 7 *andiJ!o 7 *a there is a curious anvil-shaped 
projection on the labellum, with two teudril-Uke pro- 
longations from its extremity which turn backwards 
and apparently serve to guard the sides of the anvil, so 
that insects would be forced to alight on its crown* 
Even in our British Cephalanihera grandijloray the 
labellum of which never contains nectar, there are 
orange-coloured ribs and papilloe on the inner surface 
w hich faces the column. In Calanthe (fig. 26) a cluster 
of odd little spherical ^varts projects from the labellum, 
and there is an extremely long nectary, which does 
not include nectar ; in EuIo2)Jii(i viridis the short nec- 
tary is equally destitute of nectar, and the labellum 



• ' Bulletin Bet. Sec. de Fiance,* torn, it 1855, p. 352. 
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is covered with longitudinal, fimbriated ridgos. In 
several species of Oplirys, there are two small shining 
protuberances^ at the base of the labelliini, beneath the 
two discs. Innumerable other cases could be added of 
the presence of singular and diversified excrescences 
on the labellum ; and Liudley remarks that their use 
is quite miknouii. 

From the position, relatively to the viscid discs, 
which these excrescences occupy, and from the absence 
of any free nectar, it formerly seemed to me highly 
probable that they afforded food and thus attracted 
either llymenoptera or flower-feeding Coleoptera. 
There is no more inherent improbability in a flower 
being habitually fertilised by an insect coming to 
feed on the labellum, than in seeds being habitually 
disseminated by birds attracted by the sweet pulp in 
which they are embedded. But I am bound to state 
that Dr. Bercy, who had the thick and farrowed 
lubelluni of a AVarrea analysed for me by fermentation 
over mercury, found that it gave no evidence of con- 
taining more saccharine matter than the other petals. 
On the other hand, the thick labellum of Catasetum 
and the bases of the upper petals of Mormodes ignea^ 
have a slightly sweet, rather pleasant, and nutritious 
taste. Nevertheless, it was a bold speculation that 
insects w ere attracted to the flowers of various Orchids 
ill order to gnaw tlie excrescences or other parts of 
their labella ; and few things have given me more 
satisfaction than the full confirmation of this view by 
Dr. Criiger, who* has repeatedly witnessed in the West 
Indies humble-bees of the genus Euglossa gnawing 
the labellum of Catasetum, Coryanthes, Gongora, and 
Stanhopea. Fritz Muller also has often found, in 
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South Brazil, the prominences on the labellmu of 
Oncidiiim gnawed. W^e are thus enabled to under- 
stand the meaning of the various extraordinary crests 
and projections on the labellum of many Orchids ; for 
they invariably stand in such a position that insects, 
whilst gnawing them, would be almost sure to touch 
the viscid discs of the pollinia and thus remove them, 
afterwards eliecting the lertilisation of another flower* 



MOVEMENTS OF THE POLUNIA 

The pollinia of many Orchids undergo a movement 
of depression, alter .they have been removed from their 
places of attachment and have been exposed for a few 
seconds to the air. This is due to the eontraetion of a 
portion, sometimes to an exceedingly minute jmrtion, 
of the exterior surface of the rostellum, which retains 
a membranous condition. This membrane, as we have 
seen, is likewise sensitive to a touch, so as to rupture 
iu certain definite lines* In a 3Iaxillaria the middle 
part of the pedicel, and in Habeiiaria the whole drum- 
like pedicel contracts* The point of contraction in all 
the other cases seen by me, is either close to the 
surface of attachment of the caudicle to tlie disc, or at 
the point where the pedicel is united to the disc; but 
both the disc and pedicel are parts of the exterior 
surface of the rostellum. In these remarks I do not 
refer to the movements which are simply due to tlie 
elasticity of the pedicel, as in the Vundea?. 

The long strap-formed disc of Gymnadema cofiopaea 
is ^^'ell adapted to show the mechanism of the move- 
ment of depression* The whole ijolliniulii, both in its 
upright and depressed (but not closely depressed) 
position, has been shown (p, 65) in fig* 10* The disc, 
in its uiicontracted condition with the caudicle removed, 
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is seen from above liiglily magnified in the upper of 
the two adjoining figures ; and in the lower figure we 
have a longitudinal section of the uncontractecl disc, 
together with the base of the attached and upright 



crescent-shaped depression, bordered by a slight ridgo 



caudicle^ which then lies parallel to the elongated 
tapering part of the disc. If placed in w^ater the 
ridgo rises, re-elevating the caudiele, and when re- 
exposed to the air it sinks again, but each time with 
somewhat enfeebled power. During each sinking and 
rising of the candicle, the whole pollinium is of course 
depressed and elevated. 

That the power of movement lies exclusively in the 
surface of the disc is well shown in the case of the 
saddle-shaped disc of Orchis jpyrainidalis ; for whilst it 
w*as held under water I removed the attached caudicles 
and the layer of viscid matter from the inferior surface, 
and immediately that the disc w^as exposed to the air 
the proper contraction ensued. The disc is formed of 
several layers of minute cells, w^hich are best seen in 
specimens that have been kept in spirits of wine, 
for their contents are thus rendered more opaque. The 
cells in the flaps of the saddle are a little elongated. 
As long as the saddle is kept damp, its upper surface 
is nearly flat, but when exposed to the air (see fig- 3, 



caudiele. At the broad end of the disc there is a deep 






Fig. 38. 



formed of longitudinally elon- 
gated cells. The end of tho 
caudiele is attached to the 
steep sides of this depression 
and ridge. When the disc is 
exposed to the air for about 
thirty seconds, the ridge con- 
tracts and sinks flat down ■ in 
sinking, it drags with it the 
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E, ]). 18) tbs two fl&ps or sides contract and curl inwards ■ 
and this causes the divergence of the pollinia. Ey a 
kind of contraction two valleys are likewise formed in 
front of the caudicles, so that the latter are thrown 
forwards and downwards, almost in the same way as if 
trenches were dug in front of two upright pole's, and 
tlien carried on so as to undermine them. As far as I 
could perceive, an analogous contraction causes the 
depression of the pollinia in Orchis mascula. With 0. 
hireina both pollinia are attached to a single rather large 
s(|uare disc, the whole front of which, after exposure 
to the air, sinks down and is then separated from the 
hinder part by an abrupt step. By this contraction both 
pollinia are carried forwards and downwards. 

Some pollinia which had been gummed on card for 
several mouths, when placed in water, rose up and 
afterwards underwent the movement of depression. 
A fresh polliniiim, on being alternately damped and 
exposed to the air, rises and sinks several times alter- 
nately. Before I had ascertained these facts, which 
show that the moA^ement is simply hygrometric, I 
thought that it was a vital action, and tried vapour 
of chloroform and of prussic acid, and immersion in 
laudanum; but these reagents did not check the 
movement. Nevertheless, there are some difficulties 
in understanding hoiv the. movement can be simply 
hygrometric. The flaps of the saddle in Orchis pyra- 
midahs (see fig. 3, D, p. 18) curl completely inwards 
111 nine seconds, which is a surprisingly short time 
for mere evaporation to produce an effect;* and the 



* Tliia fact does not now appear 
toe BO subpriaing as it furmerlj 
did, for my son Francis has shown 
Transact Limn SSoc.* 2nd seneiST 
Bid. voJ. i. IBlGy p* with 

what ertmordinary quickness the 



of Stipa twiets and untwists 
ivhen ei posed to dry and damp air. 
These raovements being due, as 
he baa shown, to the twisting and 
untwisting of the separate cells. 
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movement is apparently duo to the drying of the under 
surface, although this is covered with a thick layer 
of viscid matter. The edges, however, of the saddle 
might become slightly dry in the nine seconds. When 
the stiddle-fomied disc is placed in spirits of wine it 
contracts energetically; and this is probably due to 
the attraction of alcohol for w^ater. When replaced in 
water it opens again. Whether or not the contraction 
is wholly hygrometric, the movements are admirably 
regulated in each species, so that the pollen-masses, 
when transported by insects from flower to flower, 
assume a proper position for striking the stigmatio 
surface. 

These various movements would be quite useless, 
unless the pollinia were attached in a uniform position 
to the insects which visit the flowers so as to be always 
directed in the same manner after the movement of 
depression ; and this necessitates that the insects should 
be forced to visit the flowers of the same species in 
a uniform manner. Hence I must say a few words 
on the sepals and petals. Their primary function, no 
doubt, is to protect the' organs of fructifleation in the 
bud. After the flower is fully expanded, the upper 
sepal and two upper petals often continue the same 
oflice. \\ 0 cannot doubt that this protection is of 
service, when we see in Stclis the sepals so neatly re- 
closing and reprotecting the flower some time after its 
expansion ; in Masdevallia the sepals are permanently 
soldered together, with two little windows alone left 
open; and in the open and exposed flowers of Bol- 
bophyllum, the mouth of the stigmatic chamber 
after a time closes. Analogous' facts with respect to 
Malaxis, Cephalanthera, &c., could be given. Hut the 
hood formed by the upper sepal and two upper petiils, 
besides afiordiug protection, evidently forms a jruide, 
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compelling insects to visit the flowers in front. Few 
persons now doubt the correctness of 0. K. Sprenger.s 
view,* that the bright and conspicuous colours of 
flowers serve to attract insects from a distance. Never- 
theless some Orchids have singularly inconspicuous 
and greenish flowers, perhaps in order to escape some 
danger ; but many of these are strongly scented, which 
would equally well serve to attract insects. 

Ihe labelliim is by far tlie most important of the 
external envelopes of the flower. It not only secretes 
nectar, but is olten modelled into Tariou.s]y shaped 
receptacles for holding this fluid, or is itself rendered 
attractive so as to be gnawed by insects. Unless the 
flowers were by some means rendered attractive, most 
o the species would be cursed with perpetual sterility. 
The labellum always stands in front of the rostellnm, 
and its outer portion often serves as a landing-place 
lor the necessary visitors. In Epipaetis palustrh this 
part is flexible and elastic, and apparently compels 
insects in retreating to brush against the rostellnm* 
111 Cypripedium the distal portion is folded over likQ 
the end of a slipper, and compels insects to crawl out 
ot the flower by one of two special passages. In Ptero- 
sty lis and a few other Orchids the labellum is irritable, 
so that W’^hen touched it shuts the flower, leaving only 
a single passage by w hich an insect can escape* In 
Spiranthes* when the flower is fullj^ mature, the column 
moves from the labelliira, sjmce being thus left for 



* Thu authorU curioiia 
^^Ith its qiiftiut title of ^ Da& Ent- 
aeckto GoheimnUii der Natur/ 
Until latuly waa often apakeu 
lightly of. No doubt ho wtis an 
<iiithuaia3t, and perhapa carried 
of his idea^ to an extreme 
length* But I fuel sure, from my 



own obaervatioDs, that his work 
coutains an immense body of 
truth. ]\Iany years ago Robert 
Brovv'n, to whose judgment all 
botanists defer, spoke hi^^hly of it 
to me, and remarketi that only 
tliose who knew little of the »uh- 
joct would laugh at him. 
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the introduction of tlie pollen-masses attached to tlie 
proboscis of a humble-bee. In Mormodes igma the 
Idbelluni is perched on the summit pf tlie column, 
and here insects alight and touch a sensitive point, 
causing the ejection of the pollen-masses. The la- 
l.ielluin is often deeply channelled, or has guiding 
ridges, or is pressed closely against the column ; and 
in a multitude of cases it approaches closely enough 
to render the flower tubular. By these several means 
insects are forced to brush against the rostellum. We 
must not, however, suppose that every detail of struc- 
ture in the labellum is of use : in some instances, as 
with Sarcanthus, its extraordinary shape seems to be 
partly due to its development in close apposition to 
the curiously shaped rostellum. 

In Listera ovata the labellum stands far from the 
column, but its base is narrow', so that insects are led 
to stand exactly beneath the middle of the rostellum. 
In other cases, as in Stanhopea, Phalaenopsis, Gongora, 
&c., the labellum is furnished with upturned basal 
lobes, which manifestly act as lateral guides. In some 
cases, as in Malaxis, the two upper petals are curled 
backwards so as to be out of the way ; in other cases 
as in Acropera, Masdevallia, and some Bolbophylluras, 
these upper petals plainly serve as lateral guides, com- 
pelling insects to visit the flowers directly in front of 
the rostellum. In other cases, wings formed hy the 
margins of the clinandrum or of the column, serve as 
lateral guides, both in the withdrawal of the polliuia 
and in their subsequent insertion into the stigmatic 
cavity. So that there can bo no doubt that the petals, 
sepals and rudimentary anthers do good service in 
several ways, besides affording protection to the bud. 

The final end of the whole flower, with all its parts, 
is the production of seed ; and these are produced by 







fit at ^ 



idrAt 
Antr 01 
Htinldbi 





Chap. IX. 



CONCLUDING REMAEK8. 



277 



Orchids in vast profusion. Not that such profusion 
is anything to boast of ; for the production of an almost 
infinite number of seeds or eggs, is undoubtedly a sign 
of lowness of organisation. That a plant, not being 
an annual, should escape extinction, chiefly by the 
production of a vast number of seeds or seedlings, 
shows a poverty of contrivance, or a want of some 
fitting protection against other dangers. I was curious 
to estimate the number of seeds produced by some 
few Orchids ; so I took a ripe capsule of Cephalanihera 
grandijiora, and arranged the seeds on a long ruled 
line as equably as I could in a narrow hillock ; and 
then counted the seeds in an accurately measured 
length of one-tenth of an inch. In this way the con- 
tents of the capsule were estimated at 6020 seeds, and 
very few of these were bad ; the four capsules borne 
by the same plant would have therefore contained 
24,080 seeds. Estimating in the same manner the 
smaller seeds of Orchis maeulatat I found the number 
nearly the same, viz., 6200 ; and, as I have often seen 
above thirty capsules on the same plant, the total 
amount would he 186,300. As this Orchid is perennial, 
and cannot in most places be increasing in number, 
one seed alone of this large number yields a mature 
plant once in every few years. 

To give an idea what the above figures really mean, 
I will briefly show the possible rate of increase of 0. 
iiiaculata : an acre of land would hold 174,240 plants, 
each having a space of six inches square, and this 
would be just sufficient for their growth ; so that, 
making the fair allowance of 400 had seeds in each 
Capsule, an acre would be thickly clothed by the pro- 
geny of a single plant. At the same rate of increase, 
the grandchildren would cover a space slightly ex- 
ceeding the island of Anglesea ; and the great grand- 
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cliildreii of a single plant would nearly (in tlie ratio of 
47 to 50) clothe with one uniform green carpet the 
entire surface of the land throughout the globe. But 
the number of seeds produced by one of our common 
British orchids is as nothing compared to that of some 
of the exotic kinds. Mr. Scott found that the capsule 
of an Acropera contained 371,250 seeds ; and judging 
from the number of flowers, a single plant would some- 
times yield about seventy-four millions of seeds, 
i’ritz Miiller found 1,756,440 seeds in a single capsule 
of a Maxillaiia ; and the same plant sometimes boro 
half-a-dozen such capsules. I may add that by 
counting the packets of pollen (one of which wasbrokeii 
lip under the microscope) I estimated that the number 
of pollen-grains, each of which emits its tube, in a 
single anther of Oyehis vnascula was 122j400* Amici ^ 
estimated the number in 0. morio at 120,300. As 
these two species apparently do not produce more 
seed than the allied 0. ^naeulatay a capsule of which 
contained 6200 seeds, we see that there are about 
twenty pollen-grains for each ovule. According to 
this standard, the nnmber of pollen -grains in the 
anther of a single flower of the Maxillaria which 
yielded 1,^56,440 seeds must be prodigious, 

^\hat checks tho unlimited multiplication of the 
Orchidete throughout the world is not known. The 
minute seeds within their light coats are well fitted 
for wd<le dissemination ; and I have several times 
observed seedlings springing up in my orchard and in 
a newly-planted w'ood, w'hich must have como from a 
considerable distance* This was especially the ease 
\\ it\i EjyijMchs latijhlia^ ^ and an instance has been re- 
coided by a good observer f of seedlings of this plant 

, V egetable! Cell,* f IVlr. in * TyniiHoti^s Mag, 

translated by Heiitrey, p. 133. of Nat Hist/ voL ii, 1829, p. ;0. 
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appearing at the distance of between eight and ten 
miles from any place where it grew* Notwithstanding 
the astonishing number of seeds produced by Orchids, 
it is notorious that they are sparingly distributed ; for 
instance, Kent appears to be the most favourable county 
in England for the order, and within a mile of my 
house nine genera, including thirteen species, grow ; 
but of these one alone. Orchis morio^ is sufficiently 
abundant to make a conspicuous feature in the vege- 
tation ; as is 0. maeulata in a lesser degree in open 
woodlands. Most of the other species, though not 
deserving to be called rare, are sparingly distributed ; 
yet, if their seeds or seedlings were not largely de- 
stroyed, any one of them would immediately cover the 
whole land. In the tropics the species are very much 
more numerous ; thus Fritz Muller found in South 
Brazil more than thirteen kinds belonging to several 
genera growing on a single Cedrela tree. Mr. Fitz- 
gerald lias collected within the radius of one mile of 
Sydney in Australia no less than sixty-two species, of 
which fifty-seven were terrestrial. Nevertheless the 
number of individuals of the same species is, 1 believe, 
in no country nearly so great as that of very many 
other plants. Bindley formerly estimated that there 
w'ere in the w^orld about 6000 species of Orchideee, 
included in 433 genera,* 

The number of the individuals wffiich come to 
maturity does not seem to be at all closely detenuineJ 
by the number of seeds which each species produces ; 
and this holds good w'hen closely related iorms are 
compared. Thus Ophrys apifera fertilises itself and 
every tlower produces a capsule; but the individuals 
of this species are not so numerous in some parts of 
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EnglanJ as those of 0, musei/eraf which cannot fer- 
tilise itself and is imperfectly fertilised by insects, so 
that a large proportion of the flowers drop off unini' 
pregnated, Ophrys aranifera is found in large miinbers 
in Liguria, yet Delpino estimates that not more than 
one out of 3000 flowers produces a capsule** 3Ir* 
Cheeseman sayst that with the New Zealand Piero* 
stylis trullifolia much less than a quarter of the flowers, 
which are beautifully adapted for cross-fortilisationj 
yield capsules ; whereas w ith the allied Aeianthus 
sineJairii, the flow^ers of which equally require insect- 
aid for their fertilisation, seventy-one capsules were 
produced by eighty-seven flowers ; so that this plant 
must produce an exteiordinary number of seeds ; never- 
theless in many districts it not at all more abundant 
than the Pterostylis* 3tr* Fitzgerald, w'ho in Aus- 
tralia has particularly attended to this subject, remarks 
that every flow^er of Thelymitra carnea fertilises itself 
and produces a capsule ; yet it is not nearly so common 
as Aeianthus formcatus^ “ the majority of the flowers 
ot which are unproductive* Phajus grandifoKus and 
Calanthe veratrifolia grow in similar situations* Every 
flower of the Phajus produces seeds, only occasionally 
one of the Calanthe, yet Phajus is rare and Calanthe 
common*” 

The frequency with which throughout the world 
members of various Orchideous tribes fail to have their 
flowers fertilised, though these are excellently con- 
structed for cross-fertilisation, is a remarkable fact* 
Fritz Miiller informs rue that this holds good in the 
luxuriant forests of South Prazil with most of the 
Epidendreae, and with the genus Vanilla* For instance. 



* ‘Ult. Osservaz. sulla Dico- 

gamin; part i. p, 177. 
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he visited a site where Vanilla creeps over almost every 
tiee, and althongh the plants had been covered with 
flowers, yet only two seed-capsules were produced. So 
again with an Epidendrum, 233 flowers had fallen off 
unimpregnated and only one capsule had been formed ; 
of the still remaining 136 flowers, only four had their 
pollinia removed. In N ew South Wales Mr. Fitzgerald 
does not believe that more than one flower out of a 
thousand of Bendrohium speciosum sets a capsule ; and 
some other species there are very sterile. In' New 
Zealand over 200 flowers of Coryanthes triloba yielded 
only five capsules ; and at the Cape of Good Hope only 
the same number were produced by 78 flowers of Bisa 
grandijlora. Nearly the same result has been observed 
with some of the species of Ophrys in Europe. The 
sterility in these cases is very difficult to explain. It 
manifestly depends on the flowers being eonstructetl 
with such elaborate care for cross-fertilisation, that they 
cannot yield seeds without the aid of insects. From 
the evidence W'hich I have given elsewhere * we may 
conclude that it would be far more profitable to most 
plants to yield a few cross-fertilised seeds, at the 
expense of many flowers dropping off unimpregnated, 
rather than produce many sell-fertilised seeds. Profuse 
expenditure is nothing unusual under nature, as we see 
with the pollen of wind-fertilised plants, and in the 
multitude of seeds and seedlings produced by most 
jilants in comparison with the few that reach maturity. 
In other cases the paucity of the flowers that are im- 
pregnated may be due to the proper insects having 
become rare under the incessant changes to which the 
world is subject ; or to other plants which are more 



* • The Effects of Cross and Self-ferfilwation in tho Vigetalile 
Kingdom,’ 
















2S2 concluding remarks. ChaiMX. 

highly attractive to the proper iiiyects having increased 
number* We know that certain Orchids require 
certain insects for their fertilisation, as in the cases be- 
fore given of Vanilla and Sarcochilus. In Madagascar 
Aiiffrseeuvi sesquipedale must depend on some gigantic 
moth. In Europe Ci/p7Hpedium ealceolm appears to be 
fertilised only by small bees of the genus Andrena, 
and Epipaetis latifolia only by wasps. In those cases 
in which only a few flowers are impregnated owing to 
the proper insects visiting only a few, this may be a 
great injury to the plant ; and many hundred species 
throughout the world have been thus exterminated ; 
those which survive having been favoured in some 
other way. On the other hand, the few^ seeds which 
are produced in these eases will be the product of 
cross-fertilisation, and this as we now positively know 
is an immense advantage to most plants, 

I have now nearly finished this volume, which is 
perhaps too lengthy. It has, I think, been shown that 
the Orchideaj exhibit an almost endless diversity of 
beautiful adaptations. Wlien this or that part has been 
spoken of as adapted for some special purpose, it must 
not be supposed that it w^as originally always formed 
tor this sole purpose* The regular course of events 
seems to be, that a part which originally served for one 
j)urpose, becomes adapted by slow changes for widely 
different purposes. To give an instance: in all the 
Ophrete, the long and nearly rigid caudicle manifestly 
serves for the application of the pollen-grains to the 
stigma, w'hen the pollinia are transjiorted by insects 
to another flower i and the anther opens w idely in 
order that the pollininm should be easily withdrawn i 
but in the liee Opbrys, the caudicle, by a sliglit in- 
crease ill length and decrease in its thickness, and by 
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the anther opening a little more widely, becomes 
specially adajited for the very different purpose of 
self'-iertilisation, through the combined aid of the 
weight of the pollen-mass and the vibration of the 
flower when moved by the wind. Every gradation 
l.ietueen the.se two states is possible, — of which we have 
a partial instance in 0. aranifera. 

Again, the elasticity of the pedicel of the pollininm 
i]i some Vandern is adapted to free the pollen-masses 
from their anther-cases ; but by a further slight modi- 
fication, the elasticity of the pedicel becomes specially 
adapted to shoot out the pollinium with considerable 
force so as to strike the body of the visiting insect. 
The great cavity in the label lum of many Vandese 
is gnawed by insects and thus attracts them; but 
in Mormodes ignea it is greatly reduced in size, and 
serves in chief part to keep the labellum in its new 
position on the summit of the column. From the 
analogy of many plants we may infer that a long 
spur-like nectary is primarily adapted to secrete and 
liold a store of nectar ; hut in many Orchids it has so 
for lost this function, that it contains fluid only in the 
intercellular spaces. In those Orchids in which the 
nectary contains both free nectar and fluid in the inter- 
cellular. spaces, we can see how a transition from the 
one state to the other could be effected, namely, hy 
less and less nectar being secreted from the inner 
membrane, with more and more retained within the 
intercellular spaces. Other analogous cases could be 
given. 

Although an organ may not have been originally 
formed for some special purpose, if it now serves lor 
this end, we are justified in saying that it is specially 
adapted for it. On the same principle, if a man were 
to make a machine for some special purpose, but were 
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to use old wheels, springs, and pulleys, only slightly 
altered, the whole machine, with all its parts, might he 
said to be specially contrived for its present purpose* 
Thus throughout nature almost every part of each living 
being has probably served, in a slightly modified con- 
dition, for diverse purposes, and has acted in the living 
machinery of many ancient and distinct specific forms* 

In my examination of Orchids, hardly any fact has 
struck me so much as the endless diversities of structure, 
— ^the prodigality of resources, — for gaining the very 
same end, namely, the fertilisation of one flower by 
pollen from another plant* This fact is to a large ex- 
tent intelligible on the principle of natural selection. 
As all the parts of a flower are co-ordinated, if slight 
variations in any one part w^ere preserved from being 
beneficial to the plant, then the other parts would 
generally have to be modified in some corresponding 
manner* But these latter parts might not vary at all, 
or they might not vary in a fitting manner, and these 
other variations, w^hatever their nature might be, which 
tended to bring all the parts into more harmonious 
action with one another, would be preserved by natural 
selection. 

To give a simple illustration ; in many Orchids the 
ovarium (but sometimes the foot-stalk) becomes for a 
period twisted, causing the labellum to assume the 
position of a lower petal, so that insects can easily 
visit the flow^er ; but from slow changes in the form 
or position of the petals, or from new sorts of insects 
visiting the flowers, it might be advantageous to the 
plant that the labellum should resume its normal 
position on the upper side of the flower, as is actually 
the case ivith Malaxis paludosa^ and some species of 
Catasetum, &c* This change, it is obvious, might be 
simply effected by the continued selection of varieties 
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which had their ovaria less and less twisted; but if 
the iilant only afforded varieties with the ovarium 
more twisted, the same end could be attained by the 
selection of such variations, until the flower was 
turned completely round on its axis. This seems to 
have actually occurred with Malaxis paludosa, for 
the labellum has acquired its present upward posi- 
tion by the ovarium being twisted twice as much as 
is usual. 

Again, w^e have seen that in most Vandeaj there is 
a plain relation between the depth of the stigmatic 
chamber and the length of the pedicel, by which the 
pollen-masses are inserted ; now if the chamber became 
slightly less deep from any change in the form of the 
column or other unknown cause, the mere shortening 
of the pedicel would be the simplest corresponding 
change ; but if the pedicel did not happen to vary in 
shortness, the slightest tendency to its becoming bowed 
from elasticity as in Phalsenopsis, or to a backward 
hygronietric movement as in one of the Maxillarias, 
would be preserved, and the tendency would be con- 
tinually augmented by selection ; thus the pedicel, as 
far as its action is concerned, would be modified in 
the same manner as if it had been shortened. Such 
processes carried on during many thousand generations 
in various ways, would create an endless diversity of 
co-adapted structures in the several parts of the flower 
for the same general purpose. This view affords, I 
believe, the key which partly solves the problem of the 
vast diversity of structure adapted for closely analogous 
ends in many large groups of organic beings. 

The more I study nature, the more I become 
impressed with ever-increasing force, that the con- 
trivances and beautiful adaptations slowly acquired 
through each part occasionally varying in a slight 
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degree but in many ways, witli the preservation of those 
variations which were beneficial to the organism under 
complex and ever-varying conditions of life, transcend 
in an incomparable manner the contrivances and 
adaptations which the most fertile imagination of man 
could invent* 

The use of each trifling detail of structure is far 
from a barren search to those who believe in natural 
selection* When a naturalist cscsually takes, up the 
study of an organic being, and does not investigate 
its whole life (imperfect though that study will ever 
be), he naturally doubts whether each trifling point 
can be of any use, or indeed whether it be due to any 
general law\ Some naturalists believe that number- 
less structures have been created for the sake of mere 
variety and beauty, — much as a Avorkman would make 
different patterns* I, for one, have often and often 
doubted Avhether this or that detail of structure in 
many of the Orchidese and other plants could be of 
any service ; yet, if of no gwd, these structures could 
not have been modelled by the natural preservation of 
useful variations ; such details can only be vaguely 
accounted for by the direct action of the conditions of 
life, or the mysterious laws of correlated growth. 

To give nearly all the instances of trifling details 
of structure in the floArers of Orchids, which are cer- ^ 
tainly of high importance, Avould be to recapitulate 
almost the whole of this volume. But I will recall to 
the reader’s memory a feAv cases* I do not here refer 
to the fundamental framew^ork of the plant, such as 
the remnants of the fllteen primary organs arrangod 
alternately in the five whorls ; fur almost everyone Avho 
believes in the gradual evolution of species AVill admit 
that their presence is due to inheritance from a remote 
parent-form* Innumerable tacts with respect to the 
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uses of the variously shaped and placed petals ami 
sepals have been given. So again, the importance of 
a slight difference in the shape of the caiulicle of the 
pollinium of the Bee Ophrys, compared with that of 
tlie other species of the same genus, has likewise been 
referred to ; to this might be added the doubly-bent 
caudicle of the Fly Ophrys, Indeed, the important 
relation of the length and shape of the caudicle, with 
reference to the position of the stigma, might be cited 
throughout many whole tribes* The solid projecting 
knob of the anther in Epipactk palustris, which does 
not include pollen, liberates the pollen-masses when it 
is moved by insects. In Cephalanthera grandifiora^ the 
upright position of the almost closed flower protects 
the slightly coherent pillars of pollen from disturb- 
ance, The length and elasticity of the filament of the 
anther in certain species of Ilendrobium apparently 
serves for self-fertilisation, if insects fail to transport 
the pollen-masses. The slight forward inclination of 
the crest of the rostellum in Listera prevents the 
anther-case being caught as soon as the viscid matter 
is ejected. The elasticity of the lip of the rostellum 
in Orchis causes it to spring up agaiu when only one 
of the pollen-masses has been removed, thus keeping 
the second viscid disc ready for action, which otherwise 
would be wasted. No one who had not studied Orchids 
wmild have suspected that these and very many other 
small details of structure were of the highest importance 
to each species ; and that consequently, if the species 
were exposed to new conditions of life, and the structure 
of the several parts varied ever so little, the smallest 
details of structure might readily be acquired through 
natural selection. These cases afford a good lesson of 
caution with respect to the importance of apparently 
trifling particulars of structure in other organic beings. 
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It nay naturally be inquired, Why do the Orcludeae 
exhibit so many perfect contrivances for their fertili- 
sation? From the observations of various botanists 
and my own^ I am sure that many other plants offer 
analogous adaptations of high perfection ; but it seems 
that they are really more numerous and perfect with 
the Orchide® than with most other plants* To a 
certain extent this inquiry can be answered. As each 
ovule requires at least one, probably several, pollen- 
grains,* and as the seeds produced by Orchids are so 
inordinately numerous, we can see that it is necessary 
that large masses of pollen should be left on the stigma 
of each flower. Even in the Iseotteoe, which have 
granular pollen, with the grains tied together by weak 
threads, I have observed that considerable masses of 
pollen are generally left on the stigmas. This cir- 
cumstance apparently explains why the grains cohere 
in packets or large waxy masses, as they do in so 
many tribes, namely, to prevent waste in the act of 
transportal. The flowers of most plants produce pollen 
enough to fertilise several flowers, so as to allows of or to 
favour cross-fertilisation* But with the many Orchids 
which produce only t\vo pollen-masses, and with some of 
the Malaxea3 w^hich produce only one, the pollen from 
a single flow^er cannot possibly fertilise more than two 
flowers or only a single one ; and cases of this kind 
do not occur, as I believe, in any other group of 
plants. If the Orchidese bad elaborated as much 
pollen as is produced by other plants, relatively to the 
number of seeds which they yield, they would have 
had to produce a most extravagant amount, and this 
would have caused exhaustion. Such exhaustion is 
avoided by pollen not being produced in any great 
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superfluity owing to the many special contrivances for 
its safe traiLsportal from plant to plant, and for placing 
it securely on the stigma. Thus we can understand 
why the Orcludem are more highly endowed in their 

mechanism for cross-fertilisation, than are most other 
plants- 

In my work on the “Effects of Cross and Self- 
Fertilisation in the Vegetable kingdom,” 1 have shown 
tliat when flowers are cross-fertilised they generally 
receive pollen irora a distinct plant and not that from 
another flower on the same plant ; a cross of this latter 
kind doing little or no good. I have further shown 
that the benefits derived from a cross between two 
plants depends altogether on their differing some- 
what in constitution ; and there is much evidence that 
each individual seedling possesses its own peculiar 
constitution. The crossing of distinct plants of the 
same species is favoured or determined in various 
ways, as described in the above work, but chiefly 
by the |)repoteut action of pollen from another 
plant over that from the same flower. Now with the 
OrchideaB it is highly jirobable that such prepotency 
prevails, for w'e know from the valuable observa- 
tions of Jlr. Scott and Fritz Muller,* that with several 
Orchids pollen from their own flower is quite im- 
jmtcnt, and is even in some cases poisonous to the 
stigma. Besides this prepotency, the Orchidese pre- 
sent various special contrivances — such as the pollinia 
not assuming a proper position for striking the stigma 
until some time has elapsed after their removal from 
tlie anthers — the slow curving forwards and then back- 
w'ards of the rostellum in Listera and Neottia — the 
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slow movement of the column from the labelliim in 
Spiranthes — the dicecioiis condition of Catasetum— 
the fact of some species producing only a single 
flower, — all render it certain or highly probable 

that the flowers are habitually fertilised with pollen 
from a distinct plant* 

That cross-fertilisation, to the complete exclusion of 
self-fertilisation, is the rule with the Orchidese, cannot 
be doubted from the facts already given in relation to 
many species in all the tribes throughout the world* 
I could almost as soon believe that llow'ers in general 
w ere not adapted for the prodnetion of seeds, because 
there are a few plants wlrich have never been known to 
yield seed, as that the flowers of the Orehideae are not 
as a general rule adapted so as to ensure cross-fertilisa- 
tion, Nevertheless, some species are regularly or often 
self-fertilised; and I will now give a list of all the 
cases hitherto observed by myself and others. In some 
of these the flowers appear often to be fertilised by 
insects, but they arc capable of fertilising themselves 
without aid, though in a more or less incomplete 
manner ; so that they do not remain utterly barren if 
insects fail to visit them. Under this head may be 
included three British species, namely, Cephalmithera 
f/randijlora^ Neottia nidus-aviSy and perhaps Listera 
ovata. 111 South Africa Dtsa macrantha often fertilises 
itself ; but Mr. Wealo believes that it is likewise cross- 
feiiilised by moths. Three species belonging to the 
Epidendreso rarely open their flow^ers in the West 
Indies ; nevertheless these flowers fertilise themselves, 
hut it is doubtful whether they are fully fertilised, 
for a large proportion of the seeds spontaneously pro- 
duced by some members of this tribe in a hothouse 
w ere destitute of an embryo. Some species of Dendro- 
bium, judging from their structure and from their 
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occasionally producing capsules imdcsr cultivation 
likewise come under this head. 

Of species which regularly fertilise themselves with- 
out any aid and yield lull-sized capsules, hardly any 
case is more striking than that of Ophrijs apifera, which, 
was advanced by me in the first edition of this work r 
To this case may now be added two other European 
plants, Oreliis or Neotima intacta and Epipastis viridi- 
Jlom. Two North American species, Gymnadenia 
tridentata and Platardheva hyperl>orea appear to be in 
the same predicament, but whether when self-fertilised 
they yield a full complement of capsules containing 
good seeds has not been ascertained. A curious 
Epidendrum in South Brazil which bears two additional 
anthers fertilises itself freely by their aid ; and Dendro~ 
biuin cretaceum has been known to produce perfect self- 
iertilised seeds in a hothouse iu England. Lastly, 
Spirarithes australis and two species of Thelymitra, 
inhabitants of Australia, come under this same head. 
No doubt other cases will hereafter be added to this 
short list of about ten species which it appears can 
fertilise themselves fully, and of about the same 
number of species which fertilise themselves imper- 
fectly when insects are excluded. 

It deserves especial attention that the floAvers of all 
the above-named self-fertile species still retain various 
structures which it is impossible to doubt are adapted 
for insuring cross-fertilisation, though they are now 
rarely or never brought into play. We may therefore 
conclude that all these plants are descended from 
species or varieties ivhich Avere formerly fertilised by 
insect-aid. Moreover, several of the genera to Avhich 
these self-fertile species belong, include other species 
Avhich are incapable of self-fertilisation, Thelymitra 
offers indeed the only instance knoAvn to me of two 
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species within the same genus which regularly ferti- 
lise themselves. Considering such cases as those of 
Ophrys, Disa, and Epidendrum, in which one species 
alone in the genus is capable of complete self-ferti- 
lisation, whilst the other species are rarely fertilised 
in any manner owing to the rarity of the visits of 
the proper insects; — bearing also in mind the large 
number of species in many parts of the world w'hich 
from this same cause are seldom impregnated, we are 
led to believe that the above-named self-fertile plants 
formerly depended on the visits of insects for their 
fertilisation, and that from such visits failing they did 
not yield a suflSciency of seed and were verging towards 
extinction. Under these circumstances it is probable 
that they were gradually modified, so as to become 
more or less completely self-fertile ; for it would 
manifestly be more advantageous to a plant to pro- 
duce self-fertilised seeds rather than none at all or 
extremely few seeds. Whether any species which is 
now never cross-fertilised will be able to resist the 
evil effects of long-continued self-fertilisation, so as to 
survive for as long an average period as the other 
species of the same genera which are habitually cross- 
fertilised, cannot of course be told. But Ophrys apif&ra 
is still a highly vigorous plant, and Gymnadenia triden- 
iota and Platanthera hyperborea are said by Asa Gray 
to be common plants in North America* It is indeed 
possible that these self-fertile species maj'^ revert in 
the course of time to what was undoubtedly their 
pristine condition, and in this case their various adap- 
tations for cross-fertilisation would be again brought 
into action. W e may believe that such reversion is 
possible, when we hear from Mr. Moggridge that 
Ophrys scolopax fertilises itself freely in one district 
of Southern France without the aid of insects, ami 
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is completely sterile without such aid in another 
district. 

Finally) if we consider how precious a suhstauce 
pollen iS) and what care has heen bestowed on 
its elaboration and on the accessory parts in the 
OrchideaB) — considering how large an amount is 
necessary for the impregnation of the almost innumer- 
able seeds produced by these plants, — considering that 
the anther stands close behind or above the stigma, 
sell-fertilisation would have heen an incomparably 
safer and easier process than the transportal of pollen 
from flower to flower. Unless we bear in mind the 
good effects which have been proved to follow in most 
cases from cross-fertilisation, it is an astonishing fact 
that the flowers of the OrchidccB should not have been 
regularly self-fertilised. It apparently demonstrates 
that there must he something injurious in this latter 
process, of which fact I have elsewhere given direct- 
proof. It is liardly an exaggeration to say that Nature 
tells us, in the most emphatic manner, that she abhors 
perpetual self-fertilisation. 



( 294 ) 



INDEX. 

ACEBAS, BROWN, 



Aeeras anthropopliGra^ 
tubca^ 258 

longH^racteatay 2Q 

, monstrous flowers, 255 

Acio.iithus e:xsertu», 90 

fornicatmi 90j 260 

— — emdairiif 90 ; fertilieetl by 
insects, 280 

luctuoaa with pollen-masaes, 
31 

Acropera^ iwllinift of, 154, 356' 
upper petals, 27G 
- — lothHfjmiy Itit) 

— ^ luteoiat IGOi vessels of, 239 
Adaptatioua, how far special, 267; 
diveraity of, 282 

Aerid&f^ inovemeut of pollinia, 156 ; 

secretin m of nectar, 265 
— — comutum^ 205 
— — odorata^ 15S 
virens^ 156 

Amici, on number of pollcn-graius 
in Oi chis morio, 278 
Anderson, Mr., on i^6rrititobi«im,l42 ; 

on the E^nde^idrea^ 147 
Aj*j 7 r«c«?n, viscid matter in, 251 

dMichmn, 154 

155 

— 154, 162, 282; 

nectary of, 265 

Anteimfe of the roatellum of Caia- 
setumy 184, 187 
Anthers, rudimentary, 240 
Apostasia, 248 
ArHkuse/e^ 80 

Auricles, or papillse, rudimentary, 
241, 242 

Babin ^ton, Prof., on tlio roatellum, 
255 

Bail ion, ^M., on Catmeiumt 191 
Bark&ria, 146 

Butemaii, Jlr., obli|^ations to, 105, 
162 : on Cgcnocheitf 224 



Battersby* Dr., obligations to, 106 
Baner, Mr», on p^dlen-gmins in 
CephaJ^nthera, 60, 62 ; on pollen- 
masses of Bletia, 143 
Bee Ophrys, 52 

Beer, J. G., on Cat^isetum, 197 ; on 
Cyenoeh^?j 224 

Bees with attached pollinia, 30 
Belt, Mr., on iemuh>e* 

dale, 165 

Bentham on monstrous flowers of 
Orchis pyramidediSf 38 
iJird’a-nest Orchis, 125 
Bolifophyllum, 274; upper ]>etals, 
276 

-■ - barhigerum^ 138 

' cocoinunij 137 

cupreurn, 137 ; nectary of, 

1 265 

I rhizopJior^, 137 

Bonatea speciosat 71, 76 ; vessels oh 
244; modified structure, 2S4; 
cftudicle, 361 

Bond, Mr. F., on moths with at- 
tached pcdlinia, 30; obligEitions 
to, 72, 75 

Br£icte«e, secreting nectar, 266 
Brassiar movement of pollluia, 156 
Bitie, ^Ir., on seed of Epijm^tis 
I laiifoUa, 278 

Broiiguiart, M., On secretion of 
uectar, 41; on Catasetum, 196; 
spiral vessels in Orchids, 235 ; oti 
Uropedium^ 240 

Broun, Prof., on Stanhapea deif*- 
meiisis^ 171 ; classiiication of or- 
ganic beings, 264 
Brown, C., on SobraBa macranfha.^l 
“ — , Ik>l>ert, on the fertilisation of 
Orchids, 3; viscidity of stigma, 
IS; Ophrys op//Iera, 54; utrieuU 
of the stigma, 202 ; homologies of 
Orchids, 234,235, 237; rostelhim 
of Orchids, 247 ; 24S 



26 : pollen- 




BUTTEilFLIES, 



index. 



DEMiijomuir. 



205 



pollen-tubes, 258 ; SprengeVa 
work^ 275 

Dutterflies with attached pollinia, 
31 

Butterfly orchis, 6& 

, lesser, 73 

Oiiad^nia dimorphaf 89 
Calfi^'na, 89 
Calanihe dominii, ItJl 

inamca^ stnieture of flower, 

161 ; long nectnry, 267, 2G9 

veratri/oiia, 280 

vestUa, 162 

Carpi. nter, Dr*, on Myanthus and 
Ci^iaifetum^ 196 
Ciita$eiid/G, 178 

Cataselum, peculiar rostellum, 256 ; 
labelluin, 270 

callosu7n^ 192, 195 

lurkhirYtt 191 

— — wie?ifos«m, 206 

* — — phinwepa^ 193 
— ' l^acca^liwl, fiti'ucture of flower, 
lSO-185; veasela of, 289 
- — 192 

trideiitaUtm, stmetnre of 

flower, 191 ; thitio forma on the 
same plant, 196 j a male orchid, 
197 i vcfisela of, 239; peculiar 
fomi of rosteilum, 256; nectar- 
receptacle, 269 

Citftleyaj structure of flower, 143-- 
148 ; veasels of, 239 ; nectary, 
265 

empa, 147 

Caudidea of pollinia in the 

152 ; development of, 252 ; struc- 
ture, 2G0, 261 

Cep/^aZa7^^/^era. number of aoeds, 277 
— — emifoliat 86 

— ^ graudijioraf atructure of flower, 
80-86; vessels, 239,242; change 
of colourin vised secretion, 249; 
ollen, 259; labellum, 269; num- 
er of seed, 277 ; upright position 
of iiower, 287 ; partially sell-fer- 
tile, 290 

Clieescman, Mr,, on Ptfirostylu 
imUifoliu, 88 ; Acianthtis ^in-- 
clmriiy 90; iiu pe rfect feiiilit^tioii 
of rterodyliSf 280 
Chy^U^ 146 

Cirrhaat contracted! stigma, 171 



CJinandma:i, the, 2U 
CtHogyne rrhtata^ 146 
Coryanthe&j 90, 173; ncetary, 232; 

Secret soti of ne ‘^ar, 265 
“ — fiddingii., 175 
— — wiftcrajilTki, 175 

-speema^ etmctnie of flower 

174 ’ 

^riloSa, partially self-hterde* 281 

Criiger, Dr., on the Epidfindreir^, 
147; Gongom maculuta, 168; 
Stanh&pea^ 171 - C&ryanthes, 173: 
C. ma^antha, 175; Ca^as^tum^ 
197, 200; female pnllen-mas*(cs, 
202 ; Sslenipedium pahm/diumj 
232; homologies in Orchids, 235; 
bees gnawing the JabeUum, 270 
Cyciioche^ eyertonianum^ 224 

stiaictnrc of flower, 

220-224 

Cynibidium giganteunij 155 ; pol- 
linia, 252, 260 ; modifleation of 
form, 263 

Cypripedium^ etrncture of flower, 
226 ; eecretion from, 229 ; pollen, 
262 ; labellum, 275 
— — 229 

* — - 5arfiatwm, vessels of, 239 
' — - 229-231 ; fertilised 

only by small bees, 282 

candidum, 235 

— — pubescenSf 229, 230 
— — parpurcituia, vessels of, 239 
OyrtodyliSt 90 

Darwin, Francis, on the movement 
of the awn of IStipa, 273 
— , George, insects fertilising Her^ 
minium woftord?ii^, 6L; Gymna- 
denia mnopseO f 67 

William, on Epipaciis palmtriSy 

99, 100 

Dulpiiio on insects being deoeived by 
the presence of a nectary not con- 
taining nectar, 41 i sterility of 
Spider Ophrys, 50, 51 ; Cepludan* 
thera msifoHa, 86 ; movements of 
polliiiia, 155; fertilisation of Cypri- 
pedium cakedu«^ 231 ; imperfect 
tlrtilhation of Ophrya arani/em 
in Liguria, 280 

Dendrdtmm, length of anther, 287 
— — Mgilfbumj 142 
cretaemm^ 142, 291 



29G 



DENDK0ET15L 



INDEX. 



nAlIENAniA* 



iJeiidrnbium chr^mnfjiumy structure 
of, 13S-142 ; nectary, 2U5 
«- — formosum^ 142 
— — ' apeciomm^ partially sterile, 281 

tortile, 142 

Descent, lines of, 2G2-2I15 
Dickie, Prof., obligationa fo, 124 
J>isa, secretion of nectiir, 2G5 
cornuta^ 78 

groitdiJlQraf 77 ; partially eelf- 

Bteriie, 281 

— — 78; tjartially self- 
fertile, 290 

Disc, viscidity of, in the OphretTy 
43; in 190; doiible in 

the Ophreas, 254 ; of CrpTmtadenia 
conopseay 272 

DisperiSj secretion of nectar, 265 
Duehartre, M*, on Cata&etiim and 
MyanthiiSy 196 

Dyer, ftir. Tkiselton, obligations to, 
175 

Epidcndre^y 142 ; few seed capsules 
proiluced, 281 

Epidendrum coehleatumy viscid se- 
cretion of, 249 

fiorihundu^, 146; viscid kc- 

cretion, 249 

glauettm, 146 

Epipactlsy vessels of, 239; viscid 
matter, 251 

- — — latifoUay lOO, 101; pollen, 259 ; 
tbrtiliseel only by wasps, 282; 
use of knob of anther, 287 
mieroph7jUay 102 

palmtriSy structure of flower, 

93-100 ; lubellum, 275 

purpurcUa^ 102 

— - rubigi7io$ay 102 

viridijl^ray 102 ; self-fertile, 

291 

Epipogium gmeliniy 103 
EulopJiia virfdiSy 156; nectary of 
269 

Evelyna, nectary of, 265 

earivata, 146; vessels of, 239; 

clinandrum, 241 

Farrer, T. JI., obligations tn, 46 ; 
on Bee Ophrys, 55; FeristuUs 
viridia, 63 

Fertilisiition, summary on, 290 
Feitllity of English Orchids, 33 



Fitzgerald, I{. D., on PterostyUs 
hngifoUay 89; Oaladenia dmor- 
phat 89; Aeianthm fornicatua, 
and exsertwtj 90 ; aroma- 

limy 91 ; Spiranihes matralk, 115 ; 
Thelyirdtra carnea and longifoUa 
127 i numbers of Ordiidete o>l’ 
lected near Sydney, 279; self- 
fertilisation of ndymitra carneu, 
280 ; Dendrobium speeiomm^ 281 
Flowers, nac of external envelopes 
274 

Fly Ophrya, 46 

Frog Orchis, structure of flower, 62; 
accretion of nectar, 63 

Gfileandra funMiy 155 
Gilrtner on viscid matter of stigma, 
249; pollen-grains in Orchids. 
288 

Gerard, M, M*, polllrda adhering to 
lougieorn beetle, 16 
Glosiodiay 237 
G&ngoray labcllum of, 276 

atro-purpurea^ 169 

168 

tmiCiitaj 169 

Goodfjeray vessels of, 239 ; caudicle 
in a nascent condition, 260 

discolor y 105 

pnibescerns, 105 

rep&ns, 103, 105 

Gordon, Kev, G,, obligations to, 103 
Gofiso, Mr., on self-fertilised seeds of 
Epdd^^ndr&Sj 147, 148 
Groilation of organs, 247 
Gray, Prof, Asa, on Gymnade7iia 
tridentdietj 68; Platanthera, 75; 
Goodyera repensy 105; Spiranthes 
gracilis and cermta. 111 ; Cyprt* 
pedium, 229, 230, 235 
Gymnadenia^ viscid matter, 251 
— alhida, 43, 68 
mnopsea, transplanted, 32; se- 
cretion of nectar, 40,43; structure 
of flower, 65 ; vessels, 238, 239 ; 
rostellum, 255; movements of 
pollinia, 271 ; Uiflc, 272 

68 

iridentutay 68; self-fertile, 291 

Hahenaria bi/oUcty 78 ; secretion of 
nectar, 40, 43; viscid nuittur, 251 
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Hfthenariaehlorantha, 43^09; vcsaela 
of, 239, 244 ; Tiimdity of extyrioi* 
aurfiicc, 251 

Himce, lir.* on Catanetum, 197 
Herljert, Dean, on Cat<is€tun^ luri- 
dum and Myanikus, 196 
Hcrminium monoFchi\ 59 ■ fertilised 
by inaecta, 61 ; rostelluiu, 255 
Hildebrand, F., on the ovules in 
Orchidd, 172 

Homologies of Orchitis, 232 
Hooker, Dr., on Ijistera, 3, 115; 
labtilluin of Culiejia, 89; obliga- 
tions to, 115, 128, 244; spiral 
vessels in Oiichids, 235; viiria- 
bility of the labellum of Orchids, 
238 ; pu the rostellnm, 254 - 
Horwofxl, Air., assistance from, 129 

Insects, frequency of visits to Or- 
chids, 33; attracted by bright 
colours, 275 

Irmisch on Epipogium^ 103; Neottia 
nidus-avUt 1^5; flower-bud of Cy- 
jmpediiimf 240 

Kriinitz, secretion of nectar by 
Orchis, 36 

Kurr, on Orchids secreting nectar, 
38; secretion from hairs iQ Cy- 
pnpedium calceolus^ 229; nectar 
secreted from bractc®, 266 

Labellum easily vibratilc, 138; cup 
of, not secreting nectar in tbc 
Vande^f 269 ; excrescences on, 
269 ; gnawed by insects* 270 ; its 
imi>ortii.nce to the flower, 275 ; of 
Sarcantkm^ 276 
Ladies^ slipper, 227 
— trefeflca, 1 06 
Lailiat 146 

- — - Ginnahariiutf 148 
Lepidoi^tora with attached pollinia, 
30, 31 

L^ptoteSy 146 

Lindlcy* Ur., obligations to, 129; 
arrungement of Orchids, 12S' on 
forms of Catoitetujnj 197 ; of Cyc- 
fiochts^ 2 24 ; homologies of Ore h i tls, 
235; on the mimber of genem 
and species, 279 

Link ou huinologics of Orel i ids, 23.5, 
238 



Liparis pendula^ vessels of 239^ 
clinandnim, 241 ' 

Luteray viscid matter, 25!; crest 
of rostelluni, 2^7 
■ cordata, 124 

~—ovata, structure of, 115-124; 
labollum, 276 

LycaMs skinneniy 155; pollen of, 
266 

Mal<zxes?^j 128 

Malnxis^ vi^id matter, 251 ; upper 
petals, 276 

paludosay tinnsplanted, 32; 

stmetnre of flower, 129-135; 
vessels, 239, 241; clinandrmu, 
241; ptjllen-tubes, 258; position 
of labellum affect^ by ovarium, 
284 ’ 

Malden, Rev. B, S., obligations to* 
35, 64 

5Iale flowers of Catasetum, 198 
MarantaGeXy 238 

Marslndl, 51i,, on sterility of *mna- 
p] anted Orel lids, 32 ; Ilabenaria 
chlorantha, 72 

Masdemllm^ clinandmm of, 241 ; 
sepals, 274 ; upper petals, 276 

feneMratay 135, 136, 142 

Maxillariay movements of poll in ia, 
156; number of pollen-grains in 
anther, 278 

— ornithorhynchay movement of 
pollinifi, 157, 159 

Megaclfuiujn /alcatuitu labcUum of, 
138 

^leniere M., on insects visiting Or- 
chids* 36 ; flccretipu of hoc tar by 
ChrtfanfheSy 173; movemeut uf 
Catmetumy 187, 191; the nectar- 
reccptLicJe, 269 
Mtf^osiylus rhedUy 132, 135 
MiUonia clowesit, polliuia of 154, 
155 

Modifications in Orchids, 246 
Moggridge, J. 'rnibeme, on Opkrys 
scolopaxy 52, 292 ; Ophry« apiferay 
56, 58* 59 ; flowering of tlio 
Ophretey 59 

Mo7iach<mthtie viMiSy 196, 197, 198, 
201 

More, Mr. A. G., on fertility of Bee 
Ojdirya* 55; Epipadis 
39, 97, 99; obJiga lions to, 106 
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Mormodefi igma, stmcturo of flo^rer^ 
SiOS-iiiy ; viscid &ecrttiot^ ; 
iis<:) of labclium, 2Tdj 283 
lux^aia^ 21S> 

Morrou, on Fa»tZ?a aromutka^ 91 
iUotha with Rtta-hed polltnia, 21, 
30, 31 : iutellot't of, 37 
Movements of poliinia, 271 
Miillcr, Fritx, on Ejiidendre^^ HS : 
poUiDiiimof OrnilhocephfthUt 159, 
luO; Sphinx moth, 1C3 ; con- 
tracted stigma, 171, 172; ovules 
of Epidejulre^ ftiid Fattddfl?, 173 | 
CataBeiuTti mentositm^ 20G; brae- 
tyfo of the Oitcidium secreting 
nectar, ; labdlum gnawed by 
insects 271 ; number of seeds in 
capsule t»f Maxi tin ria, 278 ; niim- 
Vr of Orchidete in tSouth D™^sil, 
279; the orchideoas tribes failing 
to be fertilised, 280 ; prepotency 
of pollen, 289 

, Heniiann, on fertilisation of 
Orchin mascula, 13; bees visiting 
the how'ers of Orchis lati/oiiat 
Iti ; NigriteUa migusH/oUat 27 ; 
fertilisation of Orchids, 29: in- 
sects puncturing labnmiim tiow- 
ers, 41 ; Ggnuia^Ienia odf>raiis~ 
simay 08 ; Hctbenaria hifoHa 
and cMoranthay 74 ; Epipa^tis 
ruhiginosay microphyllay and viri- 
difloray 102 : NtoUia nidus-ttvisy 
125 : Cyprlpedium calceolusy 231 ; 
secretion of nectar, 207 
Jluak Oicbie, titiuctnrc of flower, 
59 

Mgantlats ttarixitaSy 192, 190, 203; 
quite sterile, 205 

Nectar, secretion of, by British 
Opliresa, 37, 39 ; in foreign Or- 
chids, 229 ; from brsetLSO, 229 
Nectary cut ofif to test the intel- 
lect of moths, 37 ; length of, in 
AtigrBscum sesiiuipedaley 205 
Keotinia itUaday 27, 291 
Neotte^fy 93 ; vessels of, 241 
Neottia nidus-^ivis, 125; pollen* 
tubes, 258 ; partially self*fertilo, 
290 

NeviJh T^ady Dorothy, obligations 

TO, L29 

XicoHaitity stigma of, 249 



NigrileUa angustifoUay 27 
Nottjliay contracted stigma, 171 

OdontoglossurTty 15G 
Oliver, Prof., obligations to, 129 
Oticidiumy pollinm, 158, 156t 158; 
vesjsels of, 239; viscidity, 251; 
bfticbi so secreting nectar, 206 
— - dovelopiuLut of 

caudicles, 252 
Ophressy 0; vessels of, 241 
Ophrgs ttructure of fh^wer 

52 ; iertility of, 54-58 ; pi dlenj 
259; HcJf- fertilisation, 279, 291 
— ^ arachnitssy 5 1 
* — — arani/eray 50 ; imperfect fer- 
tilisation, 280 

-- — musdferay transplanted, 32; 
structure, 45 ; fertility, 49; nelf- 
eterile, imperftcLly furtilieed i^y 
insects, 280 
“ — - scolopax, 52, 292 
Orchide^y mcxiiti cal ions in, 246 
Orchis fuscay 15 ; imporfl ct fcrtili* 
sution, 35 ; secretion of nectar, 37 

hirdnUy 25 ; nectary, 39; move- 

* mciit of poliinia, 273 

latifoUay 15; imperfect fer- 

tiliSBlion, 35 ; secretitm of nectar, 
37 ; two distinct lUhCs, 255 
^ ' macidaiay 15, 34 ; triinsplanted, 
32; imperfect fertilisation, 35; 
secretion of nectar, 37, 39; two 
distinct discs, 255; rostellum, 
255 ; number of aeed^ 277, 278 ; 
Orchis ma$cula>, structure of flower, 
6 ; movement of poliinia. 273 ; 
number of polien^graius, 278 
vnlitarisy sterility of, 36; se- 
cretion of nectar, 37 - 

morioy 15, 128; fertility of, in 

cold season, 33; secretion of 
nectar, 37, 39 ; number of pollen- 
graius, 278 

— — pyramidaliiy stnicture of 
flower, 1 6 ; movements of poliinia, 
21, 272, 273 ; fertility in different 
stations, 34 ; sircretiou of nectar, 
37, 39 , monstrous flowers, 38 ; 
single disc, 254; rostcdlum, 256; 
polltfu-grains, 2tl0, 2Hl ; contriv- 
ances for its fertilisation, 264 
— — ustulaiay 25 
Organa, grailation of, 247 
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OniilhocepJtalue, 100 
UvjAna of Orchids, 284 
Oxendon, Mr. G. 0., obligations to^ 
*25; ou Epipacti^ purimrata, 102 

Parfitt» Mr.| on attached pollinia» 31 
Parker, Mr. E., obligations to, 120 
PcHiicel of polliniumi 253 ; elasticity 
oft 2S3 

Percy, Dr., analysia of labelLum of 
Uarrcrt, 270 

PemipluA viridis^ accretion of nectar, 
43, 03 ; rosttlluiij, 255 
Petals, uses of, 274 
FhainSj 14t> 

— — grandi/olius, 280 
Phalaiwpsis^ viscidity of stignoa, 
153; movement of pollinia, 150 ; 
lubellum, 270 
— ^ amahifist 150 

firandiflorat 158 ; projection of 

labellum, 2G9 
Platiinthera^ 75 

cJdorantka, G9 

— — dilaiatay 77 

Jlavay 70, 77 

hookeri, 75 

— — - hyperhorea, 76; sclf-fertilo, 201 
FleurothaUiis ligulatu^ 135 

proli/erfif 135 

Pog07iia cpditoglosftotdes^ 86 
Pollen -masses, rudiineutary in ManO" 
chiinthus^ 201 ; gradation of, 257, 
288 

Pollen-tubes emitted from anther, 
258 

Poll in ia, movenients of, in Orchis 
masGuLij 12-15; in O. |?yramt- 
dalii^ ^1 ; of the Vandeai, 154; 
of ejection of, 184; 

atlachment to rostellum, 251; 
gradation, 257; movements, 271 
Pterostylisy nectary of, 232 

— loiifjifiQm, 87, 89 
— trullifolia, 86, 88 ; imperfect 
fertilisation in New Zealand, 280 

Eodgers, ^fr,, obligations to, 129; 
on Myanthus and MowichanthuSt 
196; aecretioii of nectar in Or- 
chids, 265 ; in Vanilla, 2G6 
Eodriffueziit stcunday 159 
— suttvcolensy movement of pol- 
iinia, 156, 159 



,f Rohrbach, Dr., on Epipogiam gmn- 
Hnit lo3 

Eobtellum, a single organ in the 
Ophreiif, 45 ; of the VandeiVy 
i; 150; aborted, 242; gradation of, 
247 ; of Apodusiay 248 ; divei t itj 
of structure, 2o0 ; crest of, iu 
the Ophreasy 255 ; in 
256 

Rucker, TUr., obligations to. 129, 
' 180, 192, 208 



SdGQolabium. viscidity of stigma, 
153, 156 

Saiul-Hilaire, A. de, on pollen cf 
Orchids. 259 

Sarcanthus, labellum of, 276 
— — paruMiy 142 

ter^ti/olius, pollinia of, 154, 

156; viscidity, 268 
Seheinsa/thhiiHGny H7 
SclKHnbnrgk, Sir K., on 
196 



Scott, lilr., on fiowers of Acropera^ 
163, 172 ; of Goiiporay 169 : nec- 
t.ir-receptacle, 269; number of 
seeds in capsule of Acmjjcra, 273 ; 
prepotency of pollen, 289 
Sonduer, Mr., on i'o^oata ophio- 
glossoitleSy 86 

Secretion of nectar, 36, 229, 265 
Seeds, production and number of, 
276, 277 

Seknipediutn palmi/oUumy 232 
Self-fertilisation, summary ou, 293 
Sepals, uses of, 274 
Serapias cordigeray 27 
Sexca of Orchids, 196 
Smith, Sir James, on position of 
do wore in Mala^ isy 129 

Mr* G. K, on becs visiting 

the Bee Ophrys, 55 
SohratiiZ macranthay 91 
EophrmiiiSy 146 
Spider Oplirys, 51) 

Spiranihes australiSy 114; labellcim, 
275: self-fertile, 291 

aufumimlisy struclum of Uower, 

106-114 p vessels of, 239 

cernuay 111 



Ill . , 

Spt.5nVl. C. K-, on feTtilisftUon of 
OfcMir militarU, 30; Beerot:ou 
of nectar by Orchis, 36 ; ou Ept^ 
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pacHs laii/oUa^ 101 J Ltniera, 
115, 123 ; colotii fl attiwting in- 

275 ; value of Jiis Tworkt 
275 

PtanjcuB in Orchids, 242 
Stanhopea, pollinia of, 155; label- 
luiii, 270 

dev<yniensi% 171 

— (niulaio^ 171 
StdiSi u8e of the sc^palfl, 274 
■ — — racemiflora^ 135 
Sterility of Engllah Orchids, 35 
Stigma, viscidity of, in the Famfea?, 
152; ntricuU, 197 ; gradation, 
248; structure, 249 
Stipa, mnveineiitB of, 273 
Stiueturo, diversity of, 282, 285 
Structure, importance of trifling 
details, 286, 287 

TheJymUrcu Bt If- fertile* 291 
— - camea, 127 ; self-fertHo, 280 

longijtora^ 127 

Thomson, H. B., on Gvodi/t^a 
repens ^ 105 

Tilk y, ti. A., on Vanilla aromaticaj 
91 

Trovelyan, Sir C., on Bombus witb 
athiclie^j pollen- masses from Catt- 
ley(tt 145 

Treviranus on tbe secretion of 
nectiir, 41 ; on Cee Ophrys, 50 
Trimen, R^, obligations to. 40 ; on 
Bonatm specftntay 7G, 77 1 Visa 
graudijloraf 77, 78 



Ttirnbiill, Mr., obligations to, 129 
Tway-bludti, 115 

Urapedhim, 240 
Utficnli of stigma, 197, 218 

Vandese, 156 

, structure of, 149; polHnia, 

253, 258 

Vanilla aromatiea^ 90 
VimilUdesE^ 90 ; few aeed capsules 
produced, 281 

Yeitch* atr. J., obligations to, 129, 
180,2^0 

Vessels, spiral, of Orchids, 235 
Viscidity of disc in British Ophreee, 
35 ; in 190 

of robtellum and stigma, 248, 

249 

Waetcher on fertnisation of the 
Orchids* 2 

’Walker, Sir. F., obligations to, 100 
Wallis, Mn, obligations to, 129 
’FrflTTca, 155 ; analysis of labellum, 
270 

Woale, J* Mansell, on .Htt?yenari'a, 
76; Bonatea,17: Visa and Dis~ 
peris^ 78 : ViHa maaranthaj 290 
Weddell, Dr., on bvbrkie of Acera9, 
26 

Wright* Mr* C., on tbe movement 
of polUnia, 156 

Zygopetalum mackaij 155 
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By Ueas Kowbox, 8vo, 12#. 

PEEGUSSON (Jamrs). History of Architecture in all Countries 
from the Earliest Times. AVith 1,600 Illnstratigns, 4 VdIa. Medium S vo. 
L Sl iJ. AncieDt and Mediseval. 

III. Indian ^Eastern. 42^. iV. Modem. 3U. 

“ Stone Monuments in all Countries; their 

Age and Use^s.^ W4th 230 IliuBtiationH, Medium 8vtj. 24*. 

— - - - Holy Sepulchre and the Temple at Jerusalem. 

W oodcuts, 8vq, 7s. 6ti. 



the Harani Area at Jerusalem, w llh IllustratlonH^ 



ito, 4Ss. 



Tk I.II iiiiiBimiHjjJiH. icy, ^as. 

iiitifu. -An Essay on the mode in ivhioli 

FLEMIN G (i RoF^ StudenPs Manual of Moral Philosophy. 

FT nwvw PoatSvo. Js. tid. ^ ^ 

FORBES (O jAMEa, Fcap, 3vo. Is. 

ORBES (Caft.) British Burma and its People * Native 
MAnuera,Cusloma, and Religion. Crown 8m 1C*. Ckf ^ ^ 
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FORD (Richard). Gatherings from Spain. Post 8 to 'i. 

Jistsr »“ 

Novels and Novelists of the 18th Centurv in 

R-B A wn» tne Manners and Morals oflhe Age. Po,t 8vo. loV. 6i. 

FRANCE (History op). [See Markham — Smith —Siddemts— 

TOCQUSVIX.LK.] 

FRENCH IN ALGIERS; The Soldier of the Foreign Lenon— 
Post*evo^"^^°““ Abd-el-Kadir, Tranalated by Lady Dpir Gobdor. 

FRERE (Sir Bartle). Indian Missions. Small 8vo. 2s. 
Eastern Africa as a Field for Missionary Labour. With 

Map* Crown 8vo* 

— Bengal Famine. How it will be Met and How to 

Preveot Future Famines !u India. With Maps, Crown Svo* 6 b, 

(Mart)* Old Deccan Days, or Hmdoo Fairj Legeads 



current in Southern India, with Introduction bf Sir Baetle Fekiie* 
Witaso Illustrations. Post Bvo* 7^. 6tf, 

G ALTON (P.). Art of Travel ; or, Hints on the Shifts and Con- 
triv&ncea avail able in Wild Coun trie a t Woodcuts. Post 8^0* 7^. Cd* 

GEOGRAPHY. [See Bunbury — Crokek — Riohardsos — ^^Smith 

“*-SxUDKN7 9* 1 J 

GKOGllAPHICAL SOCIETY’S JOURNAL. (1846 to 1881.) 

Supplementary Papers (i), Travels and Researches in 

Western China. By F. Colboene Baeeh. Maps, lloyai 8vo. 5«, 

GEORGE (Eensst), The iJosel ; a Series of Twenty Etchings, with 

Descriptive Letterpress, Imperial 4to. 42^. 

— — Loire aad South of France ; a Series of Twenty 

Etcbingfs, with Deecriptive Text* Folio. 42i. 

GERMANY (History op). [See Markham,] 

GIBBON (Edward)* History of the Decline and Pall of the 
Roman Empire* Edited by Milman, Gujzot, and Dr. Wh. Siute. 
Maps. 8 Yola* 8vo. 60s, 

The Student’s Edition; an Epitome of the above 

work, incorporating tlie Researclics of Recent Cominonlatorii. By Dr, 
Wh. Bhith. Woodcuts. Boat 8vo. 7 a 6d. 

QIFFARD (Edward). Deeds of Naval Daring; or, Anecdotes of 
the British Navy* Fcap.Svo* Si, 6d, 

GILL (Mrs.). Six Months in Ascension. An Unscientific Ac- 
count of a Scientific ExpcdlGon. Map. Crown Bvo, 9,. 

01.ADST0NE (W. E.). Rome and the Newest Fashions in 
Gleanings of Past Years, 1843-78. 7 vols. Small 

«ro e* e.r each I. The Throne, the Prince Coneort, the Cabinet and 
ConetUutlon. II. Personal and Literary. III. BiMtoricai and Specu- 
lative. IV.l'orelgn. V. and VI. Ecclesiastical. VII. ^aoelianeous. 

OLEIG (G. B.). Campaigns of the British Army at Washington 

&nd New Orleaps. Poet 8vo* 2f* -n a 

story of the Battle of Waterloo. Post Svo. 

.■ I* A in li fYVfhaniftf.Un. 



3s. 6(L 



Narrative of Sale’s Brigade in Affghanistan. Post 8yo. 2 
Life of Lord Clive. Post 8vo. 3s. 6d. 

Sir Thomas Munro. Post Svo. 3s. 6a. 



■P 



GLYNNS (Sir Stephen K). Notes on the 

With preface by W, U. Gladstone, M.P. Illustrations. Svo. 123. 
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FORD (RioBrARt>). Gatheringg from Spain. Post 8vo, 3^. 6A 
FORSTER (Josh). The Early Life of Jonathan Swift, 166M71L 

Witli Fortrait 8vo- 16^i, 

rOKSYTll (WiLiiAii). HortensiuBj an Historical Essay on the 

Office aud Duties of an Advocate, lllustrationa, Btq, 7s, M. 

— — Novels and Novelists of the 18th Century, in 

llliistratiou of the MannerB and Morals of ihe Age. PoHt8vo, lOi. 6cf. 

FRANCE (Histoet of). [See Markham — Smith — SioHEHia’— 

TOCOUEVlLLFr,] 

FRENCH IN ALGIERS j The Soldier of the Foreign Legiion-^ 

and the Prisoners of Ahd-el-Kadir, Translated by Lady Durv GoaDOH 
Post 8vo. 2$. 



FRERE (Sib Babtlb)* Indian Mi&sionB. Small 8 vo* 2s, 0dl 

Eastern Africa as a Field for Missionary Labour. With 

Map, Crown 6 VO, fij, 

Bengal Famine, How it will be Met and How to 

Prevent Fntnre Famines in India. With Maps. Crown Svo, 6a. 

— (Marv). Old Deccan Days, or Hindoo Fairy Legends 
current in Southern India^ with IntroducLion by Sir BAaTta FnEaE, 
IVilh 50 lllnstrationB. Post 8vo, 7«, 

G ALTON (F.). Art of Travel ; or, Hinta on the ShifLa and Con- 
trivances available in Wild Countries, Woodcuts. Post 8vo, 7«. 6<f , 

GEOGRAPHY, [See Bukbuby — Crokisr — Riciiaruson — ^Smith 

“Stitdenis\J 

QEOGRAPHICAI. SOCIETY'S JOURNAL, (1846 to 1881,) 

— — ■ Supplementary Papers (i), Travels and Reseaiches in 

Western China, By K, Colbobne Baber. Maps, Koyal 8vo, 6^, 

GEORGE (Ernest), The Mosel; a Series of Twenty Etchings, with 
Descriptive litterpress. Imperial 4to, 42^, 

— Loire and South of France; a Series of Twenty 



Etchings, witb Descriptive Text, Folio. 42«, 

GERMANY (HiaTQRT oy), [See Maeakam,] 

GIBBON (Edward). History of the Decline and Fall of the 
Uoman Empire, Edited by Mi lm an, Guizot, and Dr, Wm, Smith. 
Maps, 8 Vola, 8vo, 60«, 

— The StudenPs Edition ; an Epitome of the above 

work, incorporating the Researches of Recent ComiuentatorSi By Dr, 
WjIh Smith,' Woodents, Post Svo, 7 j, 6d, 

aiPPAKD (Edward), Deeds of Naral Daring ; or, Anecdotes of 
the British Navy, Fcap*8vo. Ss. 6c^. 

GILL (Mrs.). Six Months in Ascension. An Unscientific Ac- 

count of a ScienLi&c Expedition. Map. Crown 8 vo. 9s, 

GLADSTONE (W. E.). Kome and the Newest Fashions in 

Religion. Three Tracts, 6vo, 7s, 

Gleanings of Past Years, 1843-73. 7 vola. Small 

8vo. 2s. fivi, each, I. The Throne, the Princs ConEorl, the Cabinet and 
Constitution. II, Personal and Literary* III, IJirttorlcfll and Speou- 
Ifttive. IV, Foreign. V, and VI, Ecclesiaatical, VII. Misoelianeou^, 

GLEIG (G, R.)* Campaigns of the British Army at WaahiDgton 

and New Orleans, Poatfivo. 2i, „ „ ^ 

Story of the Battle of Waterloo, Post 8vo. S.L 6cL 

— Narrative of Salehs Brigade in Aflfghamatfin. Post 8vo, 2^, 

■ . - Life of Lord Clive, Post 8vo, 3^, 6cL 

Sir Thomas Munro, Post 8vo, 3^. 6tfp 

GLYNNE (Sir Strphek K-), Notes on the Churches of KtnL 
With preface by W, U. Gladstone, M.P. llluatratlona. 8vo. ISj. 
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LIST OP WORKS 



GOLDSMITH’S {Oliver) Works. Edited with Notes hy Pet«r 

CotfHiNaBAU. Vlg^uettea, 4 Vala. Sro. SOf. 

QOMM (Sra Wk. M.), Comm and er-ia* Chief in India^ Constable 
of the Totver, And Coloinil of the Coldntream Guards, Lroltem and 
Journals. 179? to 1815. Editfld l>y F. U. Carr Qomm» WithFoitrait 

GORDON (Sin Alex.}. Sketches of German Life^ and Scenes 

from the War of Llboratioii. Post 8fo, 3j. 

(Ladt Doff) Amber-Witch ; A Trial for Witch- 

crafL Post Svo. 2t* 

French in Algiers. 1. The Soldier of the Foreign 

^ Legion* 2, The Prlflonerfl of Abd-el-Kadlr, Peat 8 to. 

QRAMMAKS. [See Canrius ; Hall; Huttok; Kino Edwaro ; 

Leatues; Maeteneb; Matthi.e; 

GREECE (HisroRT of). [See Groie — Shith— S rtfoENTB'.] 

GROTE’S (Georoe) WORKS i™ 

History of Grekce. ■ Prom the Earliest Times to the doee 
of the generatJoa centeiapcirary with the Death of Alejrander iLe Great 
Library EdUton. Portrait^ Maps, and Plana. 10 Vols. 8tq* 120j 
Cabinet Edition. Portrait and Flan b. 12 Vela. Post S7e. Gs. each. 

PiATOj and other Companiong of Socrates* 3 Vois. 8vo. 45a. 
Aristotle. With additional Essays. Svo. 18^. 

Minor Works. Portrait. 8 yo. 14s. 

Letters on Switzerlanh in 1347. 6s. 

Personal Life. Portrait Svo. 12s. 

GROTE (Mrs.)* A Sketch. By Lady Eastlakp. Crown Sv^p. 6^. 
HALL’S (T. D.) School Manual of English Grammar, With 

Copious Exercises. 12m o, as. Bd. 

■ Manual of English Com posit ion* With Copious Illustra- 

tions and Practical Exercises* l2mo. 3*.6d!. 

— Primary English Grammar for Elementary Schools. 

Eased on the larg-ep woik. 16mo. 1^. 

Child s First Latin Book, comprising a full Practice of 

Kounp, Prenoucitf* aitd Adjectives, willi the .Active Verba. Ifimo. 2^, 

H.UjLAM^S (Henry) WORKS: — ■ 



The Constitdtional History of Enoland, from the Acces- 
sion of Henry the Seventh to the Death of OoorKO the Second. Library 
Editian^ 3 Vola* Svo. 30 j. Edition 3 Voltf. Post Sro. 12#* Stu- 

dents Editi&fi, Post Svo. 7t. 

History of Eurofe during the Middle Ages* Ltbraru 

EditUiv, 3 Yola. Sfo, 30#. Edit ion, 3 Vols, Post Svo. 12 j* 

Siudini 6 Editwrif Post Svo. 7#* 

Literary History of Europe during tub 15tu, 16tH| and 

17th Cbntuhies. Library Edition^ 3 Volfl* 8vo, 36#. Cabinet EdiOan, 
4Vola. PoBtSvo. 1(5#. * 

“ (Arthur) Literary Remaina; in Yer^a and Prose* 
Portrait. Ftsap.Svo* 3 #, fiti. 



HAMILTON (Andrew). Rhein she rg ; Memormla of Frederick the 
Great and Pi Luca Henry of Prusflia. 2 Vols. Crown gvo. 2U. 
HAltl S AHMY LIST* {Pvbli^ied Quarterly and Annually.) 
HATCH (W* M*). The Moral Philosophy of Aristotle, com 

si sting of ft tranalatlon of the Nichomachean Dili Las, and of the PaM- 
hior*" slo'^ ^ Audiomcus, with au lutioductory AnulyrtiB of e a%h 
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HATHERLEY (Loud). The Continuity of Scripture, aa Declared 
HAY {Sir J, H, Drummond). Western Barharv, its Wild TrihpA 

and Savage Animals. Post 8vo. 2s. 

HAYWARD (A.). Sketches of Eminent Statesmen and Writers 

with other Essays^, Reprinted from the "Qnerlerly Review." Contents • 
TMere Bismarck, Cavour, Mettemich. Mentalembert, Melbourne' 
JV^lestey, Byron and Tennyson, Venice, St. Simon, Sevigti^, Dil 
Deftand, Holland House, Strawberry Hill, i Vole. 8vo 2Sj 

HEAD’S {Sir Frakois) WORKS 

The Royal Ekoineer. Illustrations. 8vo. I2s. ' 

Liyb of Sir John BoRaoTKE. Post 8vo. Is. 



Rapid Journeys across the Pampas. Post 8vo. 2s. 

Bubbles from the Brunnen op UTassau. Illustrations. Post 
8vo, Gd. 



Stokers and Pokers ; or, the London and Korth Western 

Railway. Post Svo, 2s, 

HEBER’S (Bishop) Journala in' India, 2 Vols. Post 8vo, 

— Poetical Works. Portrait. Fcap. 8 to* Bs, 6d. 

Hymns adapted to the Church Service, l6mo. 1#. $d, 

HERODOTUS. A New English Version. Edited, 'with Notes 

and Essays, Historical. Etlmographlcalj and Geographical, by Canox 
Kawlikbon, Sir II. Eawlinsox and Sir J. G. Wilehnson, aMaps and 
Wflodents. 4 Vols. 8vo. 4Gs. 

IIERR1E3 (Rt, Hon. John). Hemoir of his Public Life during 
the Reigna of George III and IV*, William IV., and Queen Victoria. 
Founded on bis Letters and oilier Unpublished Documents* By his 
fiotj, Edward Herriea, C.B. 2 Vola. Syo* 24^* 

HERSCHEL'S (Catlomnb) Memoir and CorrcBpondence. By 

Mbs. John llEEacuKL. With Portrait. Crown Svo. Gd. 



FOREIGN HANDBOOKS. 

HAND-BOOK — TRAVEL-TALK. English, French^ German/ and 

Italian. New and Revised Edition* ISmo. 3 j. 6d. 

— HOLLAND AND BELGiUM* Map and Plane* 



PoBtSvo. 65, 

NORTH GKBMANY and THE RHIhE,— 

The Black Forest, the Hartz, ThUringerwald Saion Switzerland, 
Rtieen, the Giant Mountains, Tannus, Odenwald, Elaas, and Loth- 
ringen. Jfap and Plans, Post 8vo* ^ 

SOUTH GERMANY, — Wurtemburg, Bararia, 



Austria, Styria, Salzburg, the Alps, Tyrol, Hungary and the Danube, 
from UIra to the Black Sea. Maps and Plans, Post 8^. 10s. 

PAINTING. Gennan, Flemish, and Dutch Schools. 



llluflirationfi, 2 Volfl. Post Bto* 24j, . -ir -nT-pirTGU 

LIVES AND WORKS OF EARLY FLEMISH 



Painters. Illustratlone, Post 8vo. 7*. 6ii. , t.- j i 

SWITZERLAND, Alps of Savoj, and Piedmont, 

^ rm - J_ ■n.u .dk. 1 M 



In Two Parts. Maps and Plans. Sv«. IOj. 

— FRANCE, Part I. Normandy 



Alps, the Loire, Seine, Garonne, and Pyrenees. Waps r>-»* 
FoBt SvOi 7#* Gd. 
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LIST OP WORKS 




HAND BOOK — FRANCE, Part II. Central France, Auvergne, the 
CeT«mi 0 ft* Burf;undy, the Rhone and Saone, Provence^ Nljneft^ Arleffi, 
Maraeille^S the French Alpn, Alsace, Lorraine, Champagne, &c. Maps 
and Plans. Post Svo. 7a, 

MEDITERRANEAN— itfl Principal Tslan^Ifl, Citiea, 

Seaports, llatboursp and Border Lands. For Travellers and Yachtsinen 
nith nearly &0 Maps and Plans, PostSvo. 20a. 

ALGERIA AND TUNIS. Algiers, Constantine 

Oran, the Atlas Range. Maps and Plana, Poet 8m lOs. 

PARIS, and its Environs. Mapa and Plans. ISmo. 

8s. 6(1. 

SPAIN, Madrid, The CaatUea, The Basque Prorinces, 

LeoDjThe Astnriaa, Galicia, Estremadnra, Andalusm, Honda, Granada, 
Murcia, Valencia, Catalonia, Aragon. Navarre, The Balearic Islands, 
&C.&G. in T^m Partfl. Mapa and Plans. FostBro. 20s. 

— — PORTUGAL, IjISBON, Porto, Cintra, Mafra, Ac. 

Map and Plan. Post Bvo. 13t- 

NORTH ITALY, Turin, Milan, Cremona, the 

Italiati Lskes, Bergamo, Brescia, Verona, Mantua, VicenEa, Padua, 
Ferrara, Bologna, Ravenna, Rimini, Pjaccnsa, Geiioa„ the Riviera, 
Veoico, Parma, Modena, and Roniagna. Mapsand Plans. Post8vo. tOf. 

— — CENTRAL ITALY, Florence, Lucca, Tuscany, The 

Marches, Umbria, &c. Maps and Plans. Post Bvo. lOt. 

— 'ROME AHP ITS Ehtieoss. With 50 Maps and 

plans. Post Svo. 10#. 

— — SOUTH ITALY, Naples, Pompeii, Herculaneum, 

and Vesuvius. Maps and Plans. PostSvo. lOi. 

PAINTING. The Italian Schools. Illustrationg. 

2 Volfl. Post Bvo* 3€#. 

— — LIVES OF ITALIAN PAINTERS, from Cimabue 

to BabsAnO. By Mr$. jAWJtaoBT. Portraits. Post Svo. 12s. 

— ^ NORWAY, Christiania, Bergen, Trondhjem. The 

Fjelds and Fjords. Maps and Plans. Post 8vo. 9#. 

SWEDEN^ Stockholm, Ups^ala, Gothenburg, the 

Shores of the Baltic, Maps and PI in. Post Bvo, 6a, 




DENMARK^ Slesivig, Holstein. Copenhagen, Jut- 
land, Iceland ^ Maps and Plans. PostBva 
RUSSIA, St. PETEHsaiTRa, Moscow, PolaeBj and 

FiMtAun. Maps and Pl&utJ, PostBvo. IBj. 

- - — GREECE, the Ionian Islande, Contiucntal Greece, 

Athens, the PeloponnesuSj the Is I an da of the jKgoan Sea, Albania, 
Thessaly, and Macedonia. Mapfl, Plans, and Views. PoBtSvo. 

TURKEY IN ASIA — CoNSTAWTiifuPLE, the Bob- 

phoms, Dardanelles, Brousa, Plain of Troy, Crete, Cypm$, Brnyrtia, 
Ephoaua, the Seven Churches, Coasts of the Black Sea, Armenia, 
Euphrates Valley, Route to India, &c. Maps and Plans. PostSvo. l&i. 

— EGYPT, including DescriptLona of the Course of 

the Nila through Egypt and Nubia, Alexandria, Cairo, And Thebes, the 
Suez Canal, the Pyramids, the Penlnsitla of Sinai, the Oases, the 
Fyoom, Ac. In Two Parts. Mapa and Flans. PoetSvo. 15#. 

HOLY LAND- — Stria, Palestike, Peninsula of 

Sinai, EdOin, Syrian Deserts, Petra, Damascus ; and Palmyra. Mapa 
and Plans. PostSvo. 20s. *,♦ Travelling Map of Palestine. In a 
case. 12s. 

‘ — — - BOMBAY — Poonab, Beejapoor, Kolapoor, Goa, 

Jnbulpoor, Indore, Surat, Baroda, Ahinedabad, aomnautli, Kuriachee* 
die. Map and Plans. Post Sto. 




I 



I 




Darwin Online: courtes 





ahoma University Libraries 



PUBLISHED BY MR. MURRAY 



16 



^abHd. 

Rangoon, Monlmein, MandLay,^’ Darjilfn“’ nacea 
Benares, N.-W. Provinces, Allahabad CawVn^ 

8vr'‘2'o..”“‘“‘ Khatmandti, to. SlJpL and'pir^. ^^l\. 



ENGLISH HAND-BOOKS. 

lIAND-BOOK-EI^aLAND AlSD WALE3. An Alpbabetica 

Hand-Book. Condensed into One Volume for the Use of Trave «« 
With a Map* Post avo. 10^, Aravejierd* 

„ MODERN LONDON , Maps and Plans. Idmo* 



- ENVIROJTS OF LONDON wUliin 

miles* 2 Vols. Crown 8vo* 21^* 



a circuit of 20 



ST. PAUL’S CATHEDRAL. 

Crown 8 VO. 10s. 6<i* 



20 I J lustrations* 



EASTERN COUNTIES, Chelmsford; Harwich, Col- 
chester, Maiden* CftTuhrid^e, Ely, Newmarket, Bury St Edmunds 
Ipswich, Woodbridge* Felixstowe, Lowestoft, Norwich, Yarmouth 
Cromer, Ac. Map and Plans. Poet Bvo* 12^. 

— CATHEDRALS of Oxford, Peterborough, Norwich, 

Ely, and Lincoln. With 90 Illustrations. Crown 8 to* 21#. 

— — KENT, Canterbury, Dover, Ramsgate, Sheerness, 

Kochester, Cliatham, Woolwich. Maps and Plana* Post Svo* 7#. 6d. 

SUSSEX, Brighton, Chichester, Worthing, Hastiugs, 

Lewea, Arundel, &c. Maps and Plana. Post 8vo. 6#* 

SURREY AND HANTS, Xingaton, Croydon, ReL 

f^ate, Guildford, Dorking, Boxhill, WincheBtor, Southaiuptoni New 
Forest, Portamoiith, Isle of Wight, &c* Maps and Plana. Poet 8vo* 
lOr. 

BERKS, BUCKS, AND OXON, Windsor, Eton, 

Reading, Aylesbury, Uxbridge, Wycombe, Henley, the City and Uni- 
versity of Oxford* Blenheim* and the Descent of tbo Thames* Mape 
and PlanB. Poet 8vo. Dif. 

WILTS, DORSET, AND SOMERSET, SalishuTy, 

Chippenham, Weymouth* Sherborne, Wells, Bath, Bristol, Taunton, 
&c* Map. Post 8vo* 12^ 

DEVON, Exeter^ Ilfracombe, Linton, Sidmoutb, 

DawliHh,Teignraouth,Plymoutb,Devonport, Torquay. Maps and Flans* 
Peat Svo* 7f*6(^. 

CORNWALL, Launceston, Penzance, Falmouth, 

theL^zanl, Land*a End, ko. Maps. PostSm 

- CATHEDRALS of Winchester, Salisbury, Exeter, 

Wellf«. ChlcbcBter* Rochefiter* Canterbury, and 9t. Albans. With UO 
Illuitrnlions* 2 Vola. Crown 6vo. Ms. Ht. Albans separately, crown 



Svo. 6#. 



GLOUCESTER, IIEllEFOED, akp WORCESTER, 

Clrenwster, Cheltonliftm, Stroud, Tewkesbury. Leominster 

vem, Klddorminoter, Dudloy, Bromsgrove, Lvesliani. M»p. Fost S . 

CATHEDRALS of Brietol, Gloucester, Hereford, 

X %% O TVfV 1 Kjl 



Worcester, and Lichfield. Witli 50 Illustrations. C"”"®’"’- 

north wales, Bangor, Carnaryon, Beaumaris, 

Snowdon. Llanberls, Dolgelty, Cader Idris, Conway, Ac. Map. Post 
8vo. 7#* 
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LTST OF WOllKS 



HAND-BOOK — SOUTH WALES, Monmouth, JJandaff, Merthjr^ 

Vale of Neath^ Pembrokf*, CariuaTtben, Tenbjr, ^iraTisea, Tbc Wve 
Map. Post Svo. 7#. 

— CATHEDRALS OF BANGOR, ST. ASAPH, 

Llaodafl; and 8t. David's With lltuatratlona. Po&t Sm 15 j ^ 

NORTIIAMPTONSHIKE AND EUTLAND--* 

North amptoiij Peterborough, Towcesrer, Daventrj, Market Har- 
borough, Kettering, We! ting borough, Tlirapaton, Stum ford, Uppiag- 
bam, Oakham^ Maps. Poat Svo, 7a-. firf, 

— DERBY, NOTTS, LEICESTER, STAFFORD, 

Matlock, Bakewell, Clmtftwortb, Tlie Peak, Pnxton, Hardwick, Dove 
Dale, A shborne, Southwell, Manefield, Ri^tford, Burton, Del voir, Melton 
Mowbrar, Wolverbniupton, Lichfield, WatEiaU, Taiawortli* Man Post 
8vo, Ps. 

-SHROPSHIRE AND CHESHIRE, Shrewsbury, Lud- 
low, Bridgnorth, Oswestry, Chester, Crewe, Alderlcy, Btockport, 
Birkenhead. Maps and PEane. Post 8vo* ffs. 

- LANCASHIRE, Warrbgton, Burj, Manchester, ■ 

Liverpool, Burnley, ClUbcroe, Balton, lllackburn, Wigan, Preston 
Rochdale, Lancaslcr, H out h port, Blackpool, &c. Maps and Plana' 
Post 8 to. 7s. f cf. 



lUKKSlliKE, Doncaster, Hull, Selby, Hcverlcy, 

Scarborough, WliiEbyj llarmgRte, liipon, Lccdi^, Wakelield, Bradford 
IlaLifas:, Huddersfield, 8bettield. Map and Flans. Post Svo* 12 a. 

- - CATHEDRALS of York, Ripoo, Durham, Carlisle, 

Chester, and Mancbeater. With 6Q Bliistraiions Vols Cr Svo '>1^ 

■ DUftllAM AHD NORTHUMBEBLANli, New- 

toHtle, Darlington, Gatealiead, Bishop Auckland, Stookton, Hartlepool, 
Sunderland, Shields, Berwick-on-Tweed, Morpeth, Tynemouth Cold- 
stream, Alnwick, &o. Map. Post 8ro. &a 

WEST.MORBLAND aitd CirMBERLAND-^Lan- 

c^ter, Furness Abbey, Anibleslde, Kendal, Windermere, C’iniBton. 
Sir Ulawater, Cftrliale, Cockcrnioiith, penritli, Appleby, 

*** MuHtAv^s Map of tub Lake Distbict, on cauva-i, 6d. 

^ SCOTLaAND, Edinburgh, Me Iroae, Koleo, Glasgow, 

Dumfries, Ayr, Stirling, Arran, Tlic Clyde, Oban, Jnverary, Loeb 
Lomond Loch Katrine and TroHsacha, Caledonian Canal. Inverness, 
Perth, Uiindee, Aberdeen, Braemar, Skye, Cailliuess, Kos^, Suthei- 
laud, &c. Maps and Plans. Post Svd, 9 a. 

■* ■ ~ IRELAND, DiibliDj Belfast, the Giant^s Cauae- 

Dimerick, Waterfortf, Kiilar- 

IJAT T Qleugarift, ie. Maps and Plana. Post Svo. 10^. 

HOLLI> AY (J. G.), A Month in Norway, Fcap, 8 to. 2d. 

Thosias Jaheb. Feap. Svo. 1#. 

HOOK (Dbah), Church Dictionary* Svo* 16^, 

TI/.I.V By J. a. Lockhabt. Fcap. 8 to. 1». 

IIOI Ji (A. J. Bsresford), Worship in the Church of England. 

®wnT?Q*iJrn S’"*- 

■ 1\0RSHIP AM) OUDEK. fiyo. 

*>y Bea» JIilmab. 

With 100 Woodcuts, Crjwn 8vo* 7 j. 6d. 

IIOSACK (Jous). The rise and growth of the Law of Nations : as 

oV SISI “sT '*** 

With For- 
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HOUSTOUN (Mrs,). Tiventy Years ia the Wild West of Irelaad 
or Life Jti Cortnauglit Pont evo. 9i. 

HOME AND COLONIAL LIBltART, A Series of Works 

adapted for all circles and classes of Headers* having been selected 
D acknowledged interest* and ability of the AutUora. Post 8vo, 

Publiahed at Sj, and 6d* each* and arranged under two distinctive 
heads ai folio we 

CLASS A. 

HISTORY, BIOGRAPHY, AND HISTORIC TALES. 



1. SIEGE OP GIBRALTAR. By 
JOUM DaiXKWATKfl* 

2 * THE AMBER*W 1 TCH. By 
Lady Vufv Goudon. 2&. 

3* CROMWELL AND BUNYAN* 
By Houkut Southey, 2s* 

4. LIFE OF Sir FRAT^ CIS DRAKE, 
By John Barrow, 2^, 

5* CAMPAIGNS AT WASHING* 
TON, By Rkv, G, R. Glkio* 2s. 

6. THE FRENCH IN ALGIERS. 
By Lauy Duff Gordon. 

T, THE FALL OF THE JESUITS, 

2s. 

8. LIVONIAN TALES. 2#. 

». LIFE OF COND^, By Lord Ma- 
son. Bj, 8d, 

10. SALE’S brigade. By Ray, 
G.R, Gleig. 20. 



11. THE SIEGES OF VIENNA. 

By Lord ELLsaMERK. 2 j, 

13, THE WAYSIDE CROSS. By 
Capt, Miluan* 2s, 

13. SKETCHES OF GERMAN LIFE* 

By Sir A. Gordon. 3a 6<f. 

14. THE BATTLE OF WATERLOO 

By Ket. G, K, Qliig. 3a. 

15. AUTOBIOGRAPHY OF STEF. 

FENS, 2 i. 

16. THE BRITISH POETS, By 

Thouab Cakprell, 8a. Bi« 

17. HISTORICAL ESSAYS. By 

Lord Mahon. 80 , &d. 

IS. LIFE OF LORD CLIVE, By 
Rar, G. R. Glsig, 3j. &i, 

19. NORTH - WESTERN RAIL- 

WAY. By SiB F.B. Heap. 2>. 

20, LIFE OP MUNRO* By Rsy, G. 

R. Gleig. 80 . 



CLASS B, 

VOYAGES, TRAVELS, AND ADVENTURES, 



i« BIBLE IN SPAIN. By George 
Borrow, 3j. 6d, 

2, GYPSIES OF SPAIN. By Geobgs 
Borrow, 80, 6J, 

9&4. JOURNALS IN INDIA. By 
Bishop IIkbsb. 2 Vo Is, Is. 

6. TRAVELS IN THE HOLY LAND. 
By iRBYand Makoleb, 2s, 

6, MOROCCO AND THE MOORS. 

By J, Druumond Hay. 2s. 

7, LETTERS FROM the BALTIC, 

By a Lady. 

8, NEW SOUTH WALES. ByMas. 

MaEBDlTH. 20. 

2, THE WEST INDIES, By M. G* 
Lewis. 2$. 

10, SKETCHES OF PERSIA. By 
Sib Jobji Mal^olu. 80. Gd , 

IL MEMOIRS OFs.FATHER RIPA. 

20 , 

12 & 13. TYPEE AND OMOO. By 
HaBUANN Mblyill*. 2 Vole. 7s. 

14. MISSIONARY LIFE IN CAN- 
ADA. By Bit. J. Abbott. 2 a. 

Each work may 



15, LETTERS FROM MADRAS, By 
a Lady. 20. 

10, HIGHLAND SPORTS. B 
CUARLER St, JOHir. 30. 6d. 

17. PAMPAS JOURNEYS, By Sia 
F, B, Head. 2i. 

18- GATHERINGS FROM SPAIN, 
By Richard Ford. 3a. €ci 

19. THE RIVER AMAZON. By 

W, H. Edwards. 2i, 

20. MANNERS A CUSTOMS OF 

INDIA, By Rev.C.Acland. 30 . 

21. ADVENTURES IN MEXICO. 

By G. P. Ruxtoh* Ba, 6d, 

22. PORTUGAL AND GALICIA. 

By Lord CarnautoN. 3j. 6^ 

23. BUSH LIFE IN AUSTRALIA, 

By Rev, H, W. Hayoarth. 20. 

24. THE LIBYAN DESERT. By 

Baylk St, JoHsr* 3 j* 



25. SIERRA LEONE. By A Lady. 

8t. 

ba had separately. 
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HOME (The Student's). A IHatory of Eu^hind, from the Inva- 

bIoti i)f JuliiiH Cffisarto the Re volution of ISSS. EditloTt^ 

corrected, Rtid conttnuod to thfl Treaty of R^fllrij 187S. Jty J. g, 
BftRWiiii, M.A, With 7 ColoumlMApg <^70 Woodcuta. Poet Svo. 

HUTCHINSON {Qkh.)» Hog Breaking, with Odds aud Eads for 

tlioaa wbo love tbe Dog aud the Gun. With 40 liluscratLoa^^ Crown 
8 VO, 7i. fid. 

**• A Summary of the Rules for Gamekefipere^i Is. 

ITTJTTON {H, E.), PrindpiaOraecai an Introduction to the Study 
of Greek. Compreliendin^ Gramtuar, Delecinn. and Exercise- book, 
with Vocabularies. Sixth 12mo, Ej. fiff. 

HUTTON (Jahes), James and Philip van Artevclde, Two 

remarkable Episodes In the annals of Flf^nrlertf ; with a description of 
the state of Society in Flandet s in the 14th Century^ Cr» Svo* lOf. 6^/. 

HYMNOLOGY, Dictionary of. See Julian, 

ICELAND, [See Coles, Dpfferin,] 

INDIA, [See Elphinstone, Hand-book, Smitit^ Temple.] 

IKBT AND MANGLES’ Travels in Egypt, Nubia, Syria, and 

the Holy Land. Poat 8vo, 2a. 

JAMESON ^Mhs,), LiveH of the Early Italian Painters — ^ 
and the PregTCHs of Fainting in Italy— Cimabue to Bassano. With 
60 Portraiia. Post fivo. 12j, 

JAPAN, [See Bird, Mosssian, Modnset, Reed.] 

JENNINGS (Loo I s J,}, Field Paths and Green Lancs in Surrey 

and 8u Rex. lllustrntions. Crown 8 vo, 10s, Bcf. 

* Ramblea among the Hills in the Peak of Derbyshire 

and oti the South Dnwn84 With sketches of people by the way* With 
23 lllnalraitons. Crown Svo, 12f, 

JERA^IS (Key. W» H,), The Galilean Church, from the Con- 
cordat of Rologim, 5516, tn the ItevoluUon. WUh an Introduction. 
PortraitB. 2 VoIb, 8vo, 2Ss. 

JESSE (Edward), Gleaninga in Natural HMory* Fep.Svo. 3^, 6t^. 
J EX-BLAKE (Rev. T, W,). Life in Faith: SermonB Preached 

at ChcLteuImm and Jtugby. Fcap, 0vo* 3i, 6(f, 

JOHNSON'S (Dr. Samuel) Life, By James Boswell, InclndiDg 

the Tour to the Hebrides, Edited by Mr. Ckoekh. 1 Vol. Royal 
8vo, 12 j!* 

JULIAN (Rev, John J.), A Dictionary of Hymnology* A 

CnmpflnlOTi to KxiHling Hymn Books, Setting forth tha Oiigin and 
History of the Hymns coutahied in the Principal Hy mnsls used by the 
Churches of Enf^land, Scotland, and Ireland, and various Dissenting 
Bodies, with Notices of their Authoru. Poatgtvo, 

JUNIUS^ HAKDVYRiTiNa Profes-iiionally inveirtigated. By Mt^Chabot^ 

Expert. With Preface and Collateral Evidence, by the Hon. Edward 
Twi^letom, With Fact^imiiea, WoodcutH. &c. 4 to, £3 3f. 

KERR (R, Malcolm). Student's Biackstone. A Systematic 

Abridgment of the entire Comnaeutaries, adapted to the present at ate 
of the law. Post gvo. 7a. fid, 

KING EDWARD VlTn'a Latin Grammar. 12mo, 2s. 

==_- — _ Pjrat Latin Book. 12mo. 2s. Bd. 

KING (R, J»)» Arche&ology, Travel and Art; being Sketches and 

Studies, Historical aud Descriptive. Svo. 12*. 

KIRK (J. Foster). History of Charles the Bold, Duke of Bur- 

Kundy. Portrait. 3 Vola. Svo. 43#. 

KIRKE9’ HandUook of Phjsiology. Edited by W. JfonsjiKT 

Bakir, F.R.C.S, With 4d0 IlluatTAiioDa, Post 6vo.' 14 a. 
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Schools, Ee- 

vlrted and liemndelled from tliii^ most recent t 

bASTL AKR. With U9 1 111 , stmtioiia. 2 Vola. Crown sln. So/ 

--— Handbook of 1 am ling.— The aertnan, Flemish and 

Dutch School "i. Revised and in ^lart re-written Bv f A rn 
T Crown 8 vOa 3T,?‘ A, 

IaAJNL (L. n,}. Account of the Manners atid Customs of Modern 

1 A V A V 2 VoIb. PoBtSm 12f, 

IjAXAKD (A, Ha), Kineveh and its Kemainis; a PopuUr Account 

of Rcfiearchea and Discoveries amidst tiie Ruins of Assvrja With 
IJlustrationa. Post Svo* 7s. f^. Abajna, witU 

JSTineveh and Babylon; A Popular AceountofDia- 

covenns in the Ruins with Travels in Armenia, Kurdistan and the 
PofiT8vo!^^7^?if*' J^-^pedition to Assyria. With mustrations 

LEATHES (Stanlkt), Practical Hebrew Grammar* With the 

n«brow Text of Genesis i.-vi,, and Psalmg Grammatical 

Analysis and Vocabulary, PoatSvo. 7s. BJ, 

LENNEP (Rev, H, J, Van), Mieaionary Travels in Asia Minor 

With Illustrations of Biblical History and Archteology Mao and* 
Woodcutn, 2 Yds, Post8vo. 2U. ^ ^ 

Modern Customs and Manners of Bible Lands in 

Illustration of Scripture* Maps and llluairattona. 2 VoU* 8vo, 21#. 

LESLIE (C, E*), Handbook for Young Painters* Illustrations* 

Post flvo, 7s. 



— Life and Works of Sir Joshua Rejnolda. Portraits 

2 Vols, 8vo. 42f. 

LETO (PosiPONio). Eight lIontliB at Rome during the Vatican 
Council, 8vo* 12#. 

LETTERS From the Baltic. By a Ladt. Post 8ro. 2& 

■ Ma»ka 3. By a Lady. Post 8ro. 2#. 

— — Sierra Leone. By a Lady. Post 8vo, 3«. 6 d. 

LEVI (Lboke). History of British Commerce; and Economic 

Prrt#fres8 of the Natioih from 1763 to IS7S. 8vo. 18#. 

LEX SALTGA; the Ten Texts with the Glosses and the Lex 
Emendata. Syimptically edited by J, II. llREaKLS, With Nofes oo 
the Prankish Wordii in the Lex Salica by If, Kkrn, of Leyden, 4to. 42#, 

LIDDELL (Dean), Studenfs History of Kome, from the earliest 
Times to the estahliHhmerit of the Empire. Woodcuts, Post 8vo, 7#, 6rf. 

LISPIN08 from LOW LATITUDES; or, the Journal of the Hon, 

I m pul 81 a G milling; ton. Edited by Loup Dlfffsrin, With 24 Fla tea. 4 to. 2]#, 

LIVINGSTONE (Dr). Pirst Expedition to Africa^ 1840-56* 
lIlustratLouB, Post 6vo, 7#^ Sd. 



— Second Expedition to Africa, 185S-64. Illustra- 

tiods. Post 6vo. 7#. Btf, 

Last Journals in Central Africa, from 1865 to 

his Death, Continued by a Narrailve of tns lant momenta and Budferlugs. 
By Rev. llOBAC* Wallke, ^aps and Iliustrationa. 2 Vols. Svo, 15#. 

— Personal Life, From his unpubliehed Journals 

and Correspondence, By \Vm, G, Blalkie, D,D, Popular Edition. 
%Vilh Map and Portrait, 8vo, 6#, 

LIVINGSTONIA, Journal of Adventures in Exploring Lake 
Nyasaa, and Establishing ft Mission ary Settlement there. By E, D* 
Youno, R.N, Maps. FostSvo* 7s. 6J. 

LIVONIAN TALES. By the Author of " Lottera from the 

Baltic Post 8 VO, 2#, 

LOCKHAKT (J* G.), Ancient Spanish Ballads. HistoHcal and 

Romantic, Translated j with Notes. JlluBtrations, Crown Bvo. 5#, 

c 1 
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PUSS IN BOOTS. With 12 IlluBtrationa. Bjr Orro Speckter. 
16ni0. 1«, 6d^ Or coloureds 

QUARTERLY REVIEW (The). 8 to* € s . 

RAE (Edward). Country of the Moors, A Journey from Tripoli 
to tbe Holy City of KaLirwnn. Map and Etchings. trowD Sto. 12f. 
— The White Sea PenioBulft, Journey to the White Sea, and 
the Kola Fealusula With Map and ILluati^attons. Crown 8vo, I5j, 
RAMBLES in the Syrian Deserts. Post 8vo. lOf. 6 d. 

EASSAM (Hokmuzd)* British Mission to Abyssinia. TlJuslra- 

tinnB. 2 Vola. 8rq. 28 j* 

EAWLINSON’S (CArroN) Herodolua, A New BngliBb Versioti, 
Edited with Notes and if apa and Woodcuts. 4 Vola. 8vo. 4Sa. 

Five Great Monarchies of Chaldsca^ Assyria, Media, 

Babylonia, and Persia, With Alaps and llluatrati^jns. S Vols. 8v®. 42?. 

(Sir Henry) England and Russia in the East ; a 

Series ofPftpers on the Political and Geographical Coudition et Central 
ArIa. Map. Svo. V2a* 

REED (Sir E. J.) Iron-Clad Ships; their Qualities^ Performances, 

and Cchfit, With Chapters on Turret Ships, Iron-Clad Hams.&c, WUb 
llluatratiom?. Svo, 12«. 



Enters irom Kuasia m 1875. Svo. 5.v. 

Japan : Its History, Traditions, and Religions. With 

Narrative of a Visit in 1B7S/. lIlustralLona. 2 Vols. Svo. 28#. 

REJECTED ADDRESSES (The), By James and Hora ok Smith, 

Woodcuts, Post SVO. 3^. ScL ; or Papular Edition, Ftap. 8vo. Is. 

REMBRANDT. See JCiddlkton, 

REVISED VERSION OP N. T. [Ses Beckett, Beroon, Cook. 

REYNOLDS* (Sra Joshua) Life and Times. By C. B. Leslie, 
K.A. and Tom Taylob. Portraits. 2\o\a. Svo. 42#, 

BICABDO’S (David) Political Works. With a Notice of his 

Life and WrlHogg, B7 J. R. M‘Cin.LocB. 8ro, 16». 

BIPA (Fatbsr). Thirteen Years at the Court of Pekintr. Post 

8ro. 2s. 

ROBERTSON (Canon). HUtory of the Christian Charch, from the 

SVoIs. PostSvo, ei.each. 

ROBINSON (Ret. Dr*). Biblical Researches in Fale^ine and the 

ROBINSON Alpine Flowers for Engliigh Gardens. With 

70 IlluBtrationa, Crown 8vo. 7#. 

Suh-Tropical Garden. Illustration*. SmallSro. 5r. 

KuBSON (E. R,), Scnooh Architecture. Remarka on the 

Building, and Fumliiliiing of SchaoMiouset. 
Medium 8vo. IBa. 

ROME (History^ of). See Gibbon — -Liddbil— Smith— Students*. 
ROYAL SOCIETY CATALOGUE OP SCIENTIFIC PAPERS. 

T3 TT Y mRxr morocco. 2bs. each. 

^ra''*'6lB inMeiico; with Ad ventures among Wild 

5T. HUGH OF AVALON, Bishop of Lincoln; hia Life by G. G. 

CT Poatavo* 10s. 6rf. 

bi. JOHN (Charles). Wild Sporta and Natural History of the 

Crowasvo. It.. CA..;, 

«Ai Adventures in the Libyan Desert. Poat Sve, 2*. 

SAI-DANHA (Dukeof). SeeC'AasoTl. 
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MARTIN^ (Sir Theodore). Memoir of the Life of Lord Lynd. 
liurBt, three times Lord Chancellor of England. From Letteia and 
Papers ia possession of bis family. With Portrait. Bvo, 

MASTERS in English Theology. Lectures delivered at King's 

College, Loudon, In 1877, by Eminent Divioes. With Introduction bv 

Canon Barry. Poat 8vo. 7s. 6cf. 

S CriKEEK Grammar, A-bnclgcd Ijy ELOiiFisiiD.| 
Etvis^d by E. S, Crooke, Pimo, 4.#, * 

MAURKL'S Character, Actions, and Writings of Wellington^ 

Ftap. 8vo, Is. 

MAYO (Lord), Sport in Abyssinia; or, ilie Mareb and Tack- 
azzee, \Vitb Illustrations, Crown Svo. I2s, 

MELVILLE (Hermahn)* Marquesas and Soutk Sea IslandiL 

2 Vola, PostBvo, 7#, 

MEREDITH (Mrs. Charles), Ufotea and Sketches of New South 

Wales. Post 8ro. 2s. 

MEXICO* [See Brockleuitiist,] 

MICHAEL ANGELO, Sculptor, Painter, and ArebitecL Hia Life 

and Works. By C* Ufatu Wilson, WiUi Portrait, llluatrations and 
Index, 8 VO. 16^. 

MIDDLETON (Chas, 1L) A Deacriptirc Catalogue of the 
Etched Work of Rombrandt, with Life and ItUroductions, With 
Explanatory Guts. Medium 8vo. 3ls. 6<i. 

MILLINGTON (Rev. T, S,). Signs and Wonders in the Land of 
Ham, or th« Ten Plagues of Egypt, with Ancient and Moderu lllustrS’ 
tloDS. Woodcuts, PostSvo* 7s, 6fL 



MILMAN^S (Dean) WORKS:— 

History of the Jews, from the earliest Period down to Modern 
Times. 3 Vols. Post 8 to. ISs* 

Early Christianitt, from the Birth of Christ to the AbolL 

tion of Paganism in tlie lioman Empire* 3 Vola, PoatSyo* IS#. 

Latin Ciiristjanity, including that of the Fopea to the 

Pontificate of I^icholHS V, 9 Vola. PoatSvo. G4s. 

Handbook to St* Paul's Cathediul* Woodcutp. Crown 



Svo. 10#. Cd. 

Quintt Horatii Flacci Opera. Woodcuts. Sm* 8vo* 7s, 6iL 
Fall of Jerusalem, Fcap* 8vo, Is* 

MILMAK’S (Caei, B. A.) Wayside Cross. Post 8vo. 2s. 

{Bishop, D.D.,) Life. With a Selection from liis 

Correspoudeuce and Journals* By his Sistei** Map. Svo. 12 j. 



MIVAKT (St. Geobob). Lessons from Nature; as manifested in 

Mind and Matter, 8vo* 15#* 

, The Cat, An Introduction to the Study of Backboned 

Animals, ej+pecia By Mamiiifiln. WitliSCiOIliustratioiidi MediumSTu. 30#, 

MOGGlvIDGE {VJ. W,). Method in AlmsgivlEg. A Handbook 
for HelperH. Pust tive. £s‘. fiff. 

MOORE (Thomas). Life and Letters of Lord Byron. Cabinet 

Lilion. Wi.h Plates. 6 Yds. Fcap. Bvo. Ife.; ropHU«- EdUiou. 
with Portrait 8, Royal 8vo, 7#* ed. 

MORESBY (Capt.), E.N. Discoveries in New Guinea, Polynesia^, 
Torres Straits, &c., during tbe cniise of H.M.S. UaBilisli. Jlap and 
lllustratlona, Bvo* 15#, , - i n* ■ cr 

MOSSMAN (Samokl). New Japan; tbe Land 

its AnnalH during the past Twenty Years, recording the reniwrkable 
Progreaii of Ihe Japanese in Weatein CivUiflation, With Map. 6vo. 16/, 
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MOTLEY (J. L.). HiBtory of the United Netherlatads i from the 

PeAlhof Willinm tlie Silent to the Twelve Yearu^ Trucfl, 1600^. Portriita, 
i Void* Post hvo, Gjt. each, 

Life and Death of John of Barnereld^ 

Advocate of nolland. With a Vieiv of tlie Primary Cnneea and 
Movements of the Thirty Yearti' War* lllutitratlooa, 3 Vols* 
l*ost 8vo„ 

MOZLEY (Canow)* Trexitise on the Au^iislinian doetnne of 

l^ edestiimtion, with an Analyflls of the Copteuts, Crown 8vo, 

MUIRHEj^D (JaSh). The Taux-de*Yire of Mai^tre Jean Le Ilonx, 

Advocate of Vire. TjrandlaLtd and Edited. ‘With Portrait and J 11a J 
tratioti4* 8v<t* 21». 

MUi^RO’S (Geherai,) Life and Lettens. Bj Ret* a K* Gleig* 

Post 8 VO. 3s* ed, 

MURCHISOK (Sir Rodertce}* Silaria ; or, a ITUtory of the 
Oldest Rocks containing Organic Remains* Map and Platoa. Svo. ISs, 
Memoirs* AVith KoUceB of liia Contemporaries, 

and Rise and Progress of PalRiozoic Geology, By AEGMiCiLD GEiera 
PorlmiLs. 2 VoTb. 0vo* 30j. sr / u sra* 

MURRAY (A. S.), A History of Greek Scnlptnre,from the Earliest 
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Untrodden Ground from the Straits of MageUan to the Rio Neirm 
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NAPOLEON AT Eontaikebleau ani> Elba, Journal of 

Occurrences and Notes of Conversation a* By Sm Khil Caupceix 
P ortrait, 8vo, 

NARES (Sir George), R.N, Official Report to the Admiraltjof 
the recjent Arctic Expedition* Map. 8vo. 2#. 

NASMTTH (James). An Aiitohiograplij. Ediled by Samuel 

Suiilcft, LL.O., with iPorlrait, etched Ly Jisjori, and 70 Hlustratioiis. 
Crown 8vo. 



NAUTICAL ALMANAC (The)* Atdhorili^,) flc/. 
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NEW TESTAMENT* With Short Explanatory Commentary* 
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— “ Mathematical Exam plea* A Graduated Series 

of Elementary Examples in Arithmetic, Algebra, LogarUhins, Trigo* 
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NICOLAS (Sir Harris)* Historic Peerage of England. Eihi- 
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NILE GLEANINGS* Sec St if art, 

NIMROD; On the Cbace— Turf— and Road. With Portrait and 
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NORDIIOFP (Chab.). ComnmniBtic Societiea of the United 
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NORTH COTE’S (Sir Johm) Notebook in the Lonit Pariiament 

ConUimng ProoeedinES during Its First Searion l(Uo 
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puo ^ : Some Information reapectintp 

Places ^iaited by the Author on i - n ^ 

the and Gnidance of lu^aihlfi. 7 s. Health* Jii tended for 
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PAGET (Lord George). The Light Cavalry Brigade in the 
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Literary History j together with &ome Accouat of ‘^Tha Creed of St* 
Athatiaaius*'^ 8vo* ISj. 

SWIFT (Jonathan)* [See Craik, Forster.] 

8YBEL (yoM) History of Europe during the French Resolution, 

17S9-179J. 4 Vol&* Bvo* 48^, 
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SYMONDS (llKy- ^V.) Records of the Rocks; or Notes on the 

Geolosr. N't'irAl Hislory, and Antiquities of North and South Wales 
Silurla, Devon, and Cornwall. With Uluetratluns. Crown 8vo liv ’ 

TALMUD. See UARCLiT ; Deotbch, t. own «vo. 

TEMPLE {Sir Riohard). India in 1830. With Maps. 8vo. 13, ?. 

Mon and Events of My Time in India. 8vo. 16s. 

THIBAUT’S (Antoibb) Purity in Musical Art. Translated* from 

the Gernian. With a prefatory MoiuOir by W. H. Gladstone, M.P. 
Foat 8 yo. 7^, Gd. ' 



THIELMANN (Bakom)o Journey through the Caucasus to 
Tabreez, Kmdistan, dfiwn the Tigrla and Euphrates to Ninavoh and 
Babyloti, mid acroaa the Desert to Palmyra. Tranalated by Cais 
Hkxkaos. IlUmraUons, 2 V 0 I 3 . Post 8 v 0 a 18#. 

THOMSON (Abobbi3h©i>). Lincoln’s Inn Sermons. 8vo, 10«. 6(1. 

Life in the Light of God's Word. Post 8vo. 5». 

-Word, Work, & Will : Collected Essays. Crown 8vo. 9tt. 

TITIAN’S LIFE AND TIMES. With some account of his 

Family, chiefly from new and unpublished Records* Jiy CaowK and 
CAVAMJAHELLit, With Poi trait arid niustrationa* 2 Tola* Syo* 21#. 

TOCQUEVILLE'S State of Society in Fi-auce before the Revolution, 

1789, and on the Csuaea which led to that Event. Translated by Hunry 
Rkbve. 8vo. 14#, 

TOilLINSON (Chis,); TheSoimet; Its Origin, Structure, and Place 

in Poetry, With translationa from Dan Petrarnh^ &c. PoatSvn* y#, 

TOZER (Kev* Ht F,) Highlanda of Turkey, with Yisita to ilountg 
Ida, AthoSf Olympus, and Felion. 2 VoIb, Crown 8vc. 24#, 

Lectures oa the Geography of Greece* Map, Po&l 

8vo, Gj. 

TRISTRAM (Canon)* Great Sahara, III uat rations. Crown Svo. 15s. 

Land of Moab ; Trayels and DiBcoveries ou the East 

Side of the Dead Sea and the Jordan, llluatratinnav Crown 8vo. 15#* 
TRURO {Bishop op). The Cathedral; Us Necessary Place in 
the Life and Work of tho Church* CrowL Svo. flj* 



TWENTY YEARS' RESIDENCE among the Greeks, Albanians, 
Turks, Artueuiaus, and liulgaiians. By au-ExcLisH Lauv, 2 Vols. 
Crown 8vo. 2li#* 

TWINING (Bky. Tims.), ! Recreations and Studies of a Country 

Cl^r^ynian of tlio Last Century* Crofvti Svo* 9#* 

TWISS’ (Horacb) Life of Lord Eldon. 2 Vols. PostSvo. 2I», 
TYLOR (E. B.) Researches into the Early History of Mankind, 
and Dev(;loptue(it of Civilization. 3rd edition Roviiied. 8vo. 12*. 

Primitive Culture; the Development of Mythology, 

Philosophy. IteliRion, Art, and Cnstoul. 2 Vola. 8vo. 24i. 

VATICAN COUNCIL. See Leto. 

VIRCHOW (Professor). The Freedom of Scienco m the 
WAGE (Rev. Henrt), D.D. The Principal Facts in the Life of 

our Lord, and the Autborily.of the Evangelical Narratives. ^^8vo^ 



VELLINOTON’S Despatches during his Campai^s in India. 
Denmark, Portugal, Spain, tlie Low Countries, and I ranee. 8 \ ols. 

. Supplementary Despatches, relating to India, 

Ireland. Denmark, Spanish America. ^ 

grass of Vienna, wi^lerloo and Paris, li \ ols. 8vo. 2U,. each. 

* 1R rpi/7ji 3i* «. 
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WELLINGTON'S Civil and Political Comf^pondence. Yola, L to 

VIII. 8t&. 20j» eadv 

Speeches in Parliament 2 Yola. Svo. 42#, 

WHARTON (Capt. W. J* L,), R.N, Hydrographical Surveying, 

being a. description of the ineHos and methods employed in constructing 
Marina Charts, With llIustratjoDs, 8yo. 15*, 

WHEELER (O,), Choice of a DTfelling, Post Svo. *ts. Gd. 

WHITE (W, H,), Manual of Naval Architecture, for the ubc of 

Naval Olficers, Shipowners, BblpbtiUdar*r and Yachtsmen, llluatra- 
tlona, 6 to. 

WHYMPER (EdwardL The Ascent of the Matterhorn* With 

loo rn LihtratloDS. Medtiini Svo. 10*, Gff, 

WILBEKFORCE’S (Bianop) Life of WUliam IVilberforce. Portrait. 

Crown Svo. 6*. 

■ (Samuel, LL*D.), Lord Bishop of Oiford and 

WJneheater; his Life, By Canon Ashwkll, D.D., and it, G. Wildes- 
FOBCE. With Portraits and Woodcuts. 3 Vols, Bvo. l&s, each. 

YHLKINSON (Sra J* Q,), Manners ami Custonia of the Ancient 

EpyptianH, their Private Life, Laws. Aits, Religion, &c. A new tditlon, 
Edited by Sahuel Birch, LL.D, lllListratlona. 3 Vols. Svo. 84a* 

^ — - Popular Account of the Ancient Egyptians* With 

600 Woodcuts. 3 Vola, Foat 8vo. 12*. 

^VJLKINSON (Hugh). Sunny Lands and Seas; A Ctuise 

Round the World in the S.S. ‘‘Ceylon " Being Notaa made In a Five 
Months' Tour in India, tlie Stratta Settlements, Manila, China Jai>an 
the Sandwich Island!*, and CaUfornla. With Illustrations. Crown 
8vo. 12.^. 



\MLLlAMto (Monier), Religious Life and Thought in India. An 

Aoconnt of the Religions of the Indian People. Baaed on a Life's Study 
of their LlEoratnro and on personal icivftatigattons In their own country 

Y ILSON (JoniTj D.D.)* See Smith (Geo.). 

WOOD'S (Captaik) Source of the Oxus. With the Geography 
til® Valley of tHe 0X118* By COL. YtlLE* Map* 6vcj. 12** 

WORDS OP HUMAN WISDOM. Collected and Arranged by 

E. S. With a Treface by CAiio^f Lidduh. Fcap. Sve, 3*. Gd. 

WORDSWORTHS {Bishop) Greece j Pictorial, Descriptive, and 

Historical. With aa introduction on the Cbaracteiifttica ot Greek Art 

Edition revised by the Rev* H. F. Tozeb, M, A. 
nith 400 Hluacrattons. Rryal gvo. 3lj. Crf. 

YORK (Archbishop of). Collected Ejisaya, Contents*— Synoptic 

Gospels* Death of Chrlflt, God Exists, Worth of Lift. Dealgn in 
rjaturo. Sports and Fastimea. Emotious in Preaching. Defects in 
MliiBionary VVork. Li miu of Pbilosopbi cal Enquiry. Crown gvo. 9a. 

YORK GATE Geographical and Colonial Library (CataloKoe oO 

Y OLE ((^loast). Book of Marco Polo. Illustrated by the Light 

“ r.) Little Light on Cretan iDsatrection. Post 

StD* (mJi. 



BBADBUBY AOKEW , ^ M, raiKTEfta, WUlTE VRURa. 
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